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phenomenon of Phosphorescence in dead animal 
substances, and the emission of light by living 
animals* 

The fourth division comprises some historical 
notes upon the subject, and the theory by which 
I have endeavoured to account for the various 
phenomena to which the attention of the reader 
is called in the previous chapters. I have pur- 
posely placed my theoretical considerations in 
this section, as they will thus have a better 
I chance of fair appreciation than if their elements 
t had been dispersed throughout the work, ap- 
! pended to every isolated fact or experiment as 
' mentioned or described. 
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INTRODUCTION. 

About the latter end of the sixteenth century- 
there Kved in a narrow, winding street of the old 
town of Bologna, a certain cobbler, Vincenzo Cas- 
cariolo,* who devoted much of his time to al- 
chemy. Some say that he even quitted his trade, 
and appUed himself exclusively to chemical la- 
bours, but I am inclined to doubt the fact. How- 
ever cheap Hving might then have been in Italy, 
alchemy would indeed have formed a bad substi- 
tute for the last in many respects. In spite of 
this. Signer Vincenzo was so bent upon making 
gold, that his Httle workshop contained nearly all 
the mysterious chemical apparatus of the day. 
Phials, retorts, and crucibles found room among 
awls, lasts, and leather ; and Vincenzo Cascariolo, 

* Some write his name Casciarolo. 
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no doubt, looted upon shoe-mending 
occupation for a man initiated in tlie secrets at 
the " sublime art," and who might indeed have 
ranked among the first adepts of his day, 

Some time had elapsed since our cobbler had 
Bet his heart upon gold-making, when, strolliaj 
one fine Sunday evening near the little eminei 
known as the Monte Patemo, about a leagu 
from Bologna, he picked op a atone, similar 
any other stone, save perhaps in one particnlw 
its great weight. 

The fact struck him. This stone posseaaei 
thought he, one of the properties of gold. Pra 
haps he imagined that it contained gold whic 
might be extracted; or, may bo, he fancied it 
would be capable, from its heaviness, of trans- 
forming vile or imperfect metals into gold, by im- 
parting to them its characteristic property. 

Cardan, Van Helmont, Libavius, and many 
other distinguished alchemists, had lived before 
Cascaxiolo's time, but I know not whether he atii? 
died their works, and I doubt whether he wonlA 
have profited much by them if he had. 

It ia impossible to ascertain therefore what pro- 
minent idea, or what kind of theory reigned in 
the cobbler's mind on the discovery of this stoa%-, 
destined to become celebrated and to immoi 
his name. However, no sooner had he colli 
a certain number of specimens, than 
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back to his little workshop, and began immedi- 
ately to experimentize upon the mineral. 

It appears most probable that Cascariolo looked 
upon the anlpbate of baryta, or heavy-spar, — ^for 
such waa the object of his curiosity, — as a m.etallic 
ore, and supposed that by heating it with charcoal 
iu a hot fire, be would be able to extract a metal 
— perhaps gold ! Hia hopes in this respect were 
not realized, but he nevertheless succeeded in ob- 
taining one of the most curious of substances, — 
a body which, to use the words of an old physicist, 
" absorbs the rays of the sun by day, to emit them 
by night." 

At this period there was at Bologna a well- 
known alchemist, Scipio Begatello, who had ren- 
dered himself remarkable by his attachment to the 
art of gold-making; and in the year 1602 the cob- 
bler brought to him the product of his experiments, 
showed him the sabstance produced by ealeiuation 
(and which he called by the mystical name of lapis 
Solaris), and endeavoured to convince Begatello 
that from the weight of the stone wliich had fur- 
nished it, from its power of attracting and retain- 
ing the golden light of the sun, this shining sub- 
stance w^ould doubtless be fit for converting the 
more ignoble metals into gold — the sol of the al- 
chemists. He showed it also to Maginns, a dis- 
tingnished professor of mathematics, who, being 
no adept, did not keep the matter a secret, e 
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gatello aeema to have done, but sent botli the mi- 
neral and the substance produced fitjm it, to the 
princes and learned men of the day, thereby con- 
tributing moro than any other person to make 
known this singular discovery. 

The stone discovered by Caacariolo is now 
known as Barytine, or Heavy-spar (sulphate of 
baryta) . By heating it with charcoal he had trans- 
formed it into sulphuret of barium, o. substanoe 
which has the curious property of shining in the 
dark, after it has been exposed for some time to 
the raya of the son. 

Many years after its discovery, the Germaji dhe- 
mist Marggraf found an easy and certain method' 
of preparing it, by making into a paste with water 
a mixture of pulverized barytine and flour, ajA 
submitting the whole to heat in a closed crucible. 
The sulphuret thus produced is placed in a weO— 
corked glass jar, or made into stars, which 
marvellously in the dark after they have been ef, 
posed to the sun for a short time. 

Such is the history of the discovery of the Blli)i 
first known to be phosphoresce 
lation. For many years it has been sold in 
streets of Bologna aa a curiosity, under the 
of Solar Phosphorus, or the Bologna Stone. Mar^ 
graf showed that other minerals, other varieties 

■spar, were capable of furnishing 
"light magnets" or "luminous stones," and 
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tJie present day a great number of eubstances are 
known to possess the same singular property. 

In 1663, the celebrated English chemist Robert 
Boyle announced to the world that the Diamond 
possessed the sam.e luminous property as the Bo- 
logna Stone ; and what we have just told of Cas- 
cariolo's labours has its parallel in the discovery 
of another luminous body, far more remarkable 
than either. 

In the seventeenth century there lived at Ham- 
burg an alchemist named Brandt, who having en- 
deavoured for many years, but in vain, to convert 
other metals into gold, was struck one day with 
the golden colour of nrine, and doubted not but 
that this liquid contained some substance that 
would realize his dreams. Brandt thought that by 
acting upon the metals he wished to convert into 
gold with a blackish extract he had prepared by 
concentrating and evaporating urine, he would 
certainly operate the desired transmutation. He 
therefore introduced this black extract into a re- 
tort with the metala in question, lighted his fur- 
nace, and watched intently the progress of the 
operation. The result was negative: the metals 
after the experiment remained unchanged. How- 
ever, one evening, after having distilled a consi- 
derable quantity of urine over some metal or other, 
and having pushed the distillation as far as pos- 
sible, he was surprised to find that a peculiar shi- 
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ning body had passed over into the recipient. He 
repeated the experiment with the black extract, 
and, after applying as great a heat as he couI3 
nmster, he obtaiQed a notable quantity of this 
trange shining substance, collected it in silent 
astonishment, studied its properties, found that it 
■was extremely inflammable, and that it possessed 
the curious property of shining intensely in the 
dark. 

These experhnents were made in the year 1669, 
and the luminous substance was called Phosphorus. 

Brandt innmediately sent a specimen of this 
wonderful body to Kunkel, chemist to Joha 
Geoi^e II., Elector of Saxony, and one of the 
moat distiuguished savants of the day, but did 
not disclose to hini the secret of its preparation. 
Kunkel, in his turn, showed it to his friend Kraft, 
of Dresden, who found it so marvellous that he 
proposed to set out immediately for Hamburg, and 
endeavour to discover how this luminous substance 
was prepared. He took two hundred dollars with 
him, and succeeded in buying for that sum the 
whole detail of the preparation. But Brandt only. 
delivered it on the condition that Kraft should. 
disclose it to no one. 

Kunkel, whose passion for chemistiy was in- 
tense, felt such disappointment when he learnt 
■that Kraft possessed the secret, and yet could not 
make it known to him, that ho determined to set 
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about finding it ont for Mmaelf. He knew that 
Brandt, who died shortly afterwards, had devoted 
most of his life to experiments on urine, and he 
felt convinced that phosphorus must have been 
obtained from that liquid. After many and varied 
experiments, quite unsuccessful, Kuntel at last 
obtained (in the year 1674) the substance he sought 
after so long and ao obstinately.* 

In the year 1675, another cliemist, Baudoin, 
prepared a new "phosphorus," or shining sub- 
stance, by calcining nitrate of lime. Since then, 
many substances which shine in the dark after ex- 
posure to the sun, have been discovered. One of 
the most remarkable, perhaps, is "Canton's Phos- 
phorus," or aulphuret of calcium, obtained accord- 
ing to the author just named "by heating a mix- 
ture of three parts of sifted calcined oyster-sheila 
■with one pait of enlphnr to an intense heat for one 
tour." It can also be prepared by calcining 
plaster of Paris with common charcoal. 

The peculiar and sometimes extremely vivid 
phosphorescence of the sea was known in anti- 
qTiity. Pliny speaks of it, and of the phoaphores- 
cence of certain Meduaee. But it was not till long 
afterwards that the cause of this wonderful phe- 

■ Some ttulliora state tlmt phoephorus wae discovered in Eng- 
hmd, about tlio auae time, bj Eobort Boj-le, In 1799, Gohn, 
the oeUbraWd Swedinb mineralogist, discoventd it in bones, and 
published, with the illustriooB Schcole, a now proceaa for eitnict- 
mg it, vMcli is similar to tlie one practiced at tLe present 3aj, 
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nomenon was ascertained. The names of the au- 
thors of this discovery, and the dates of their in- 
vestigations, are given in this work, in their j 
per pla<?eB. The same observation will apply to d 
those singular cases of phosphorescence wiich 1 
have been observed in the vegetable kingdom, J 
upon flesh, decayed wood, etc. 

It will be easily understood what is meant by I 
the term Phosphorescence, when we remind ovim 
readers that phosphorus, which shines so cariously I 
in the dark, and which enters into the corapositioa I 
of our common lucifer matches, is the most re- 1 
markable of all phosphorescent bodies. The word 
"phosphorus," which signifies a substance that 
bears or emits a hght, has frequently been applieii 
to various other substances besides the non-me- 
tallic element termed pkosphoi-us in chemistry, on 
account of the property these substances possess 
likewise of shining in the dark. 




PART I. 

MINEEAL PHOSPHORESCENCE. 



PHOSPHORESCENCE AETEB INSOLATION. 

Several substances manifest the strange property 
of emitting light when they are placed in darkness, 
after having been exposed for some time to the 
direct rays of the sun. In some cases a very short 
exposure to sunlight is sufficient to excite the 
manifestation of this remarkable property, and in 
others the direct i-ays of the smi are not necessary : 
it suffices that the aabstauce experimented upon 
be exposed to the dull hght of a cloudy day. To 
this phenomenon the denomination of Phosphores- 
cenre after insolailon has been given. 

The substances which possess this property in 
the highest degree are the Bologna stone, or solar 
phosphorus, certain varieties of fluor-spar and 
carbonate of lime, some fossils, calcined shells or 
pearls, phosphate of lime, arsetiiiite of hme, etc. 
Many diam.ondB shine with brilliancy in the dark 
if they have previously midergone an exposure of 

me seconds' duration only to solar hght. But 
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s surpasses in this respect sulphur^ 
of barinni. 

It is nowa long time since the cobbler of Bologii% 
in Italy, astonished and amused his friends with i 
peculiar substance since known as Bologna 
phonis, Bologna nf.o'riii, or Solar phosphorus, whid^ 
ahines brightly in the dark after having been pkoel 
in the sunlight for some time. This substance 
sulphuret of barium. The cobbler prepared it bj 
heating red-hot with charcoal a piece of sulphaia 
oflaryta, or Barytltie, (Fig. 1,) a stone which ha 




picked up in the secondary strata of the Monl 
Patemo, where he found it in lumps of considerafal 
weight.* The German chemist, Marggraf, nsecl 
prepare solar phosphorus by powdering down t 
stone, and making it into thin cakes, with a raS 
tura of flour and water, before submitting it 
calcination. This " Bologna phosphorus" waa 1 
first substance known to become phosphoreaceE 
after insolation, and, consequently, it has 
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submitted to many and varied experiments. It is 
beat obtained by the calcination of pulverized 
Bulpliate of baryta, made into a firm paste witli 
common gum. It aliould be preserved iu abottle 
wliich closes hermetically with a glass stopper. 

When such a bottle and its contents are ex- 
posed to the rays of the sun, or even to daylight, 
for a certain time, and then taken into a dark 
room, the sulphuret of barium is seen to be beau- 
tifiilly phosphorescent, or to shine hke common 
phosphoruH, and the phenomenon will sometimes 
last a whole hour. The most intense cold does not 
affect this phosphorescence, and it manifests itself 
precisely in the same manner whether the sulphuret 
be placed in vacuo or in the air. 

When nitrate of lime is melied for ten minutes 
in a crucible, it leaves a residue which manifests, 
to a less extent, the aame phosphorescent property. 
Thia residue, which is nothing more than pure 
lime, or a mixture of lime and nitrite of lime, was 
known for some time as " Baudoum's phosphorus." 
A lite phenomenon ia obsei-ved with calcined 
Ebells, 

Sulphuret of calcium possesses the same phos- 
phorescent qualities as the sidphuret of barium 
aHuded to above ; hence the former is sometimes 
known as " Canton's phosphorus." Canton pre- 
pared it by heating a mixture of three parts of 
sifted calcined oyster-shells, with one part of sul- 
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phur, to an intense heat for one h.onr,* It can. 
also be formed by heating gypaum with charcoal- 
Some diamonds, but not all, possess the 
property, and manyother substances have been ob- 
served to be more or less phosphorescent in the 
same cirenmstances, that is, after insolation. "I- 

Landrin {Diet, de Mm.) asserts that raiUat^ 
lulphate of haryta, certain natural fluorides, rotk'- 
salt, amber [sucdmim), and quwrh, become lumi- 
nous for a few instants after they have been 
posed to the sun, 

"Walls that have been painted or whitewashed 
with Jime, are apt to become luminous at night 
after they have received the action of the sun'tf 
rays in the daytime. Whitewashed houses 
on account of their phosphorescent quahty, visibl 
at a great distance on the darkest nights 

It was natural enough that the action which the 
coloured rays of the solar spectrum esercise upon 
these substances, that become phosph orescent a/ier 
insolation, should be early investigated; and in 
1 775, Wilson published his ' Series of Experiments 
on the Phosphori,' in which paper he asserts that 
the most refrangible rays of the solar spectrum 
determine a vivid phosphorescence in sulphnret 
of calcium (" Canton's phosphorus"), whilst those 
rays which are the least refrangible — i.e. those 
situated near the red light of the spectrum — cause 
• PhiloEoplucaJ Tnmanctidna, 1768. t See Clmpter Tl 
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le phosphorescence excited by the other rays to 
!ase ! Eitter was also aware of this, and about 
le same time Beccaxia found that " the violet rays 

■ the spectrum are the most apt, the red rays the 
aat apt, to develope phosphorescence in solar 
tiosphori." Becqnerel affirms also, from his own 
q>eriment8, that the property posaessed by light 
' rendering certain bodies luminous in the dark, 
>pears to reside — if not entirely — at least to a 
reat extent in the violet rays, whilst the red 
lys are completely deprived of this property, a 
ct noted also by Hcinrich. 

Biot, Arago, Daguerre, and others, have made 
any researches on this subject. They have 
lown, among other curious facts, that with the 
visible rays — sometimes termed chemical or ac- 
[lie rays— situated underneath the luminous part 

■ the solar spectrum, it is possible to render a 
losphoreacent body luminous, or at least visible; 
hilst, when plunged in the visible rays, red, yel- 
w, orange, green, etc., not only this same body 

not lighted up, but its hght previously excited 
? the invisible rays is extinguished. 

This curious phenomenon has been admirably 
vestigated in England by Professor Stokes, who 
18 denominated it Fluorescence, and who has 
lown that a considerable number of substances, 
asides those known as solar phosphori, act upon 
[ese invisible rays of the spectrum and render 
lem visible. 
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Dessaignes and the elder Becqaerel have re- 
marked that tliose bodies which are good conductors 
of eleetridty are not jihospliorescent after irtsola- 
tion. We shall have occasion to refer again to thia 
important fact. Biot and Becquerel have both 
proved that electricity acta upon the solar phoB- 
phori in the aamo manner aa inaolation. An elec- 
tric discharge renders them lununous in the dark 
for some time after the discharge has passed (a 
discovery originally made by Grotbuss, and with 
which both Canton and Dessaignes were familiar), 
and they have alao shown that differently -colonred 
rays of light modify this action in the same man- 
ner as the differently- colouriid raya of the solu- 
Spectrum, Moreover, phosphori that hava lost 
their phosphorescence, or that have ceased to shinft 
in the dark after a first lEisolation, recover their 
luminons property when acted npon by the electric 
light — an observation wo owe to Grothuss and 
Beequerel — and when this bght is passed through 
certain transparent screens, such as plates of glass, 
of quartz, or different salts, it is observed that these 
screens become obstacles and sometimes com- 
pletely prevent any phosphorescent radiations. 

Electric discharges proceeding from a batteiy:! 
communicate a recognizable phosphorescence of a 
ir shorter duration, to a great number of' 
bodies which are bad conductors or ■non-cond/uetoTf\ 
of eledricity. This phenomenon maybe observeGl,, 
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for inatance, with sugar, thy chalk, and many 
other sabstaaces. 

Among bodies sHghtly phosphorescent after in- 
solation, we may name melted potash and soda, 
dry nitrate of lime, and chloride of calciiun, sul- 
phate of potash, sulphate of soda, arragonite, calc- 
apar, dolomite, carbonate of strontia, carbonate of 
baryta, different calcareous earths, phosphates of 
lime, sulphate of baiyta, sulphate of strontia, etc. 

According to Ed. Becquerel, other substances 
are phosphorescent after insolation, but in order to 
obaerre it we must remain some time in a dark 
room, and then, by means of a hole in the shutter, 
expose the body experimented upon to the bght, 
at the same time keeping the eyes closed until the 
liole in the shutter is shut again. By experiment- 
iiig in this manner, many substances are seen to 
be phosphorescent for a few seconds after insola- 
tion ; amongst others numerous minerals, salts, 
organic substances such as paper, gum, sugar, 
teeth, etc. 

Long before Becquerel, however, we find in the 
article 'Phosphorus," of the 'Encyclopsedia Perth- 
enais,' it has been found "that almoat all terres- 
trial bodies, upon being exposed to light, wiU ap- 
pear luminous for a Uttle while in the dark, metals 
only excepted." 
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CHAPTER n. 

PHOSPHORESCEKCE BY HEAT, 

Many autstances become phosphorescent when 
th^ are heated to a certain temperature. Such, 
for instance, are fluor-spar, lime, aulphuret of cal- 
cium, diamonds, etc. Tliey manifest their phos- 
phoric quahties when, after being pulverized or 
broken into small fragments, they are thrown upon 
a heated surface. 



Some varieties of apatite {fig. 2 — phosphate of 
lime with fluoride or chloride of calcium) are 
phosphorescent when heated, especially the 
coarser varieties. I have proved that their phos- 
phorescence is owing to the fluoride of caldwm 
which forms part of the mineral, for pure phos- 
phate of lime does not show any phosphoric 
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when heated ; nor do moat of the so-called clilor- 
apatites, which contain chloride of calcium substi- 
tuted in part or wholly for the fluoride. 

Of all these subatancea, the moat remarkable 
ia fluor-spar (fluoride of calcium — fig. 3}. When 




thrown in the dark upon heated mercury, into 
boiling water, or on to a hot shovel, this mineral 
immediately emits a brilliant phosphoric hght. 
Some specimens possess this properi^y to a greater 
extent than others. A certain green variety of 
fluor-spar called Ohlorophaiie becomes phospho- 
rescent at the low temperature of 20° or 23° (cen- 
tigrade), which ia almoat that of our summers. 
Rare descriptions of chlorophane become phos- 
phorescent in a dark room fi'om the mere warmth 
of the hand. According to Landrin {Diet, de 
Min^logie) some varieties are almost constantly 
luminous in the dark,* 

• Fluoride of calcium loaee ita phosphoric property after it 
lioB been onco heated. Milltr nanerta (' Elem. of Chemistry') that 
when a phoaphoroseont fiuorido of calcium is dissolved in hjdro- 
clUoric acid, and tlien pi-ccipitated bj BmmoiuB, the pi 
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Common salt (chloride of aodiuin), chloride of 
mercury, arsenioun acid, etc., are phoaphoreacent 1 
only at a temperatare of about 200° {centigrade). J 

White flocconous oxide of zinc may be heated I 
to a very high temperature without melting or \ 
volatilizing ; but whilst heated it is observed to | 
turn yellow, becoming white again on cooling, j 
Now, whilst this transformation of colour from 
yellow to white is going on, the oxide of zinc is 
seen to glow with a faint blue phosphoric hght. 
This change of colour and this emission of light, 
observes Baudrimont (in his ' Traite de Chimie, 
vol. ii.), seem to indicate that the oxide of zinO< 
undergoes what is termed an isomer^ modification 
(change of chemical properties) at a high tem- 
perature, and returns again to its primitive state 
on cooling, 

Bendant affirms that a crystal of fluor-epar 
which is very perfect and transparent, will not be- 
come phosphorescent by heat untd one of its sut'i 
faces has been roughened a little on a piece 0^ 
sandstone ; he states also that diamonds 'nhich' 
have not been cut are not phosphorescent by heat, 
but that they become so as soon as they are cut 
or polished. 

OlphorBBCent. This is not the cufie, however, if the ttaorUt I 
I been previousplj lieatad enough t-o destroy its plioBphoresMoce. I 
lution and preeipilJilioa hare Oiei-efure no power to deatnij ^ J 
restore tliia curious prooerty. 



Almost any anbatance, whether organic or mi- 
neral, if a non-conductor of electricity, becomes 
more or leas phosphoreacent when it ia thrown 
npon a molten bath of the easily -melting alloy of 
lyATcet. Indeed, Wedgwood pnbliahed an ela- 
borate paper upon this subject in the ' Philoso- 
phical Transactions' for 1792. He experimented 
upon an extensive variety of substances both 
mineral and organic, by reducing the body to a 
moderately fine powder, and sprinkling it by 
small portions at a time on a thick plate of iron 
heated just below visible redness, and removing 
the whole to a perfectly dark place. He baa given 
a prodigious list of substances which appear lu- 
minous for a few instants when submitted to this 
treatment. » 

When a body which ia known to be phospho- 
rescent by hoat loses, ffom some undetermined 
cause, its phosphoric property, the latter can be re- 
stored to it by means of electricity, aa wc have 
seen in the foregoing chapter regarding substances 
w^hich are phosphorescent after insolation. For ex- 
ample, certain diamouds which cannot be made to 
give out any phosphoric radiation by heat, will do 
so after one or two electric discharges have been 
passed over them. This curious fact was made 
known by the German savant Grothuss. 

Pearsall {in 'Journal of Royal Institution,' 
vol. i.) has described experiments proving that a 
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dozen electric discharges passed tlirough non- 
plioBphorescent bodies such as marble, certain 
varieties of apatite, etc., will give them the pro- 
perty of becoming luminous by heat. On twenty- 
one days of exposure to li(iM, these Bubstances 
rendered artificially phosphorescent lost that pro- 
perty again. But if kept iu a darl: room, they 
retained it. The term "non-phosphorescent 
bodies," used by Pearsall, is rather exclusive; aa 
phenomena of phosphorescence are so universally 
spread, that scarcely any substance, if properly 
experimented with, will prove to be non-phospho- 
rescent in the strict sense of the word. His ob- 
servation is, however, exceedingly remarkable. 

Some years ago M. Schiinbein showed that 
metallic arsenic becomes phosphorescent when its 
temperature is raised to a certain degree.* I 
imagined that antimony might present the same 
phenomenon, but found it was not the case. 
Stibine, or native sulphuret of antimony, I found, 
however, to be very phosphorescent when heated 
in a crucible to a dull-red heat. The hght 
duced is white, with a shght tinge of yeilow. 
have lately observed that copper, native sulphuret 
of copper, gold and silver are notably phosphores- 
cent when melted on charcoal before the blow- 

* The metallio arsenic is placed in a small glass globe, and 
heated with, a epirit-laiiip. The light is emitted al 
that the characteristic garlic odour b doicloped. 



pipe. As BOOH as copper is thoroughly melted (at 
the inner flame)jit glows with a greeci ah -yellow 
light, similar to that of the glow-worm. On cool- 
ing a little, it rapidly loses this property, and at 
the same time a molecular change is observed on 
the surface of the metal. I have also found that 
the mineral lepiiJalite is as brilliantly phospho- 
rescent by heat as fluor-spar. But to observe this 
phenomenon properly, it should be viewed through 
a piece of glass coloured blue by oxide of cobalt. 
In these circumstances, the phosphoric light of 
lepidolite befoi'e the blowpipe is very fine. The 
blue glass extinguishes the orange-red light of 
the heated charcoal. 

Among organic salts it Las been observed that 
eul-phate of quinine and sulphate of chinconine be- 
come phosphorescent under the influence of heat. 
M. Bottger has remarked that these salts do not 
shine in the dio-k as long as their temperature con- 
tinues to rise ; they become phosphorescent only 
when, after being heated, the temperature begins 
to decrease and they romain in a luminous state 
for some minutes whilst cooling. Pure quinine 
and sulphate of quinine are very phosphorescent 
in this manner ; the phosphoric light given out by 
sulphate of quinine whilst cooling is sufficiently 
strong to enable one to read by it. Pure cincho- 
nine does not appear to be p 
bat sulphate of cinchonine is so, 
degree than sulphate of quinine. 



^ 
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Paper is also capable of becoming lominoiis 
'when heated : fix upon a plate of copper any 
characters of the same metal ; these characters 
should be abont two-tenths of an inch thick. At 
the back of the plate fix an iron rod terminating 
in a wooden handle. When the plate is heated^ and 
then violently pressed upon very dry paper lying 
upon three or four folds of cloth^ the characters 
thus impressed will appear faintly luminous in the 
dark until the paper is cool. 



CHAPTER in. 

PHOSPnOREaCENCE BY CLEAVAGE, FRICTION, PER- 
CUSSION, CRYSTALLIZATION, AND MOLECULAR 
I OE CttEMICAl CHAKGE. 

It has been obsetred that numerous minerals and 
chemical products emit hght when they are split, 
i. e. during the process of cleavage ; others, by 
> friction ; others again, by percussion or whilst 
f cryataUiae, etc, 
When a lamina of mica, for instance, is divided 
by cleavage, and the operation proceeds in a dart 
room, a feeble emission of light is perceived at the 
moment the separation of the two plates occurs. 
Each of the two plates thus separated is fonnd 
afterwards to be electric ; the one shows positive 
electricity, the other negative electricity. Some- 
thing similar is observed in the cleavage of feld- 
spar, which, according to Landrin and some other 
snthorB, emits a feeble light in this circumstance, 
the phosphorescence lasting only a few moments. 

Another instance is afforded by boi 
When boracic acid is melted in a crucible and then 
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allowed to cool, it cracks or splits up as ita tern- I 
perature decreases, and, at the same time, emits 
a feeble light. When vanadic acid is melted, it 
crystallizes on cooling, and during the whole time 
that this crystallization lasts, the substance glows 
with a red phosphoric light. When phosphate 
of lead is melted before the blowpipe, it fonns at 
cryataUine bead on cooling, and whilst this crys- 
taUization takes place light is produced. I have 
frequently observed the emission of light by boracic 
acid: when moltedbefore the blo^vpipe,and allowed 
to cool in the dark, it cracks and gives a saddea 
flash of hght when it has cooled for about twentg 
seconds. The acid should be melted upon a pi* 
tinmn wire bent at the end. Berzelius tbooglil 
that this light was produced in a similar mannra 
to the electric radiation which is sometimes ob- 
served when a card is suddenly torn asunder aftM 
being split at one of ita corners. Light is alad 
produced when crystals of sugar and nitrate c 
uranium* are broken. And I have observed ih 
same to take place with lactine, or sugar of mil^ 
Another kind of sugar, called mmmite, presents 
similar phenomena. An emission of light is also 
observed when crystals of protochloride of mer- 
cury (sublimated calomel) are broken between the 
fingers, 

• The effect is vety stritmg if orjstoU of mtrate of uronium b( 
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Wten chloride of calcium that has been melted 
in a cniciljlB, ie rubbed upon the sleeve in a dark 
room, it glows with a greeniab bght. This was 
first observed by Homberg, hence the name of 
Homherg's phosphorus, by which this substance 
was formerly known. It is very phosphorescent 
by percussion. 

Certaiu varieties of blend (sulphuret of zinc) 
become phosphorescent by percussion and some- 
times after very slight friction. Speaking of blend, 
Dana saya ; — " Merely the rapid motion of a fea- 
ther across some specimens of sulphuret of zinc, 
will often elicit light more or less intense from 
this mineral."* Other substances require a 
stronger rubbing, for instance, quartz, flint, etc. 
In the case of quartz, an odour of ozone is per- 
ceived, a fact to which I called attention in the 
'ComptesRondua' of the Paris Academy, in ISfiO.f 
Borax and sugar become luminous also in the 
dark, when rubbed. Otto do Guericke observed 
that the globe of sulphur with which he con- 
structed the first electric machine, became lumi- 
nous when bo rubbed it in the dark, 

Hawkabeo and Picard both discovered that the 

• Dana's ' Mineralogj.' 

t I find that it roqnires upwards of two hundred flashes to 
produce a qoantitj of ozone equivalent In its efleuts to one drop 
of aitrio ai^id. Also, that with white quarta ttie light ia white, 
but with red quarts or islcined yellow quartz, it acquiroB a 
crimnon tint, owing to the oxide of iron in the stones. 
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friction of mercury in the vacuum of the baro- 
meter tube produces a phosphorescent bght. 

When oxygen gas or air are compressed sud- 
denly in a piston, heat alone is produced. The 
Hght seen in this experiment is owing to the com- 
buation of some of the oil of the piston, as proved 
by Thenard. When the piston ia imbibed with 
water, no light is perceived ; and M. Saisay, of 
Lyons, has proved that oxygen alone, by its com- 
burent power, is the cause of this hght. 

If chlorate of potash, fluor-spar, feldspar, sagax, 
etc. be struct in the dark, or ground down in a 
mortar, they present very vivid phosphoric radia*. 
tionB. With crystallized substances which 
cleavable, i. e. easily divided into thin laminse, thia 
phosphorescence is very remarkable ; with sugar, 
for iustance, each fissure produced by the shock of 
the pestle gives birth to a streak of hght whiob< 
laeta for an instant, and when a certain quantity 
of any of these substances is ground down rapidly 
in a mortar, the whole mass appears as if on fire^ 
This beautiful phenomenon is exceedingly striking 
when transparent feldspar is experimented upon.. 
It has lately been discovered that dry hypophos- 
phites of lime, soda, etc., become phosphorescent 
when shaken or stirred in the dark. (Note. — 
These salts are apt to explode violently when 
evaporated to dryness at too high a temperature. 
Tuson, in 'Chemical News,' August, 1860.) 
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In 1858, M. Landerer, of Athena, discovered 
Ethat an organic salt, Valerate of quinine, becomes 
\ jdiosphoreacent wMst it ia being powdered in a 
mortar. The Hgbt emitted, which is very etrong at 
\ first, becomes feeble as the pulverization proceeds, 
and ceases ^together when the crystals are reduced 
to powder. When the aystallizatioii of flnoride of 
sodium takes place in a dark room, this salt ia 
seen to twinkle with phosphorescent light. The 
same is observed when sulphate of soda and sul- 
' phate of potash crystallize together, Waechter 
haa observed that chlorate of baryta crystallizes 
from its solution in long rhombic prisma with pro- 
duction of light. 

A m.08t interesting production of Hght was ob- 
aerved and published (' Jonm. dea Sc, Physiques 
et Chimiques,' de M. de Fontenelle), by Professor 
Pontus, in 1833, who showed that a vivid spark 
is produced when water is made to freeze rapidly. 
A small glass globe, terminating in a short tabe, 
ia tilled with water, the whole ia covered with a 
sponge or cotton-wool imbibed with ether, and 
1- ■ placed in an air-pump. As soon as the experi- 
(-1 menter begins to produce a vacuum, the ether 
"• I evaporates, and the sponge or cotton-wool dries, 
- 1 tiie temperature of the water descends rapidly. 
■ I Bat some instants before congelation takes place, 
^l a brilliant nfparh, perfectly visible in the daytirrw, 
^Bffil suddenly shot out of the httlc tube that termi- 
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nates the glass globe. M. Pontua has repeated th) 
experiment often, and says that the production 
this spark is a sure sign that congelation is ahooj 
to happen. 

It is weU known to chemists that arsenious aci< 
exists under two distinct molecular modificatioi 
discovered by M. Ghiibourt, viz. the tranaparenl 
acid and the opaque acid. Professor H. Rose, ol 
Berlin, has shown that when the transparent t 
riety is dissolved in a hot solution of dilni 
hydrochloric acid, and the dissolution allowed 
cool, the opaque variety is deposited in cryatala, ( 
and each crystal, as it forms, is accompanied by 
an emission of Eght.* 

The same emission of light is observed when 
certain oxides, whilst heated in a crucible to a 
given temperature, undergo a pecnliar molecular 
change which occasions a modification of their 
chemical properties. A phosphoric radiation, s 
sort of incandescence, is remarked the instant 
that this change takes place. The substani 
that are remarkably phosphorescent during thia^ 
molecular change occEisioned by heat are, all 
mina, chromic oxide, oxide of zirconium, tani 
acid, titanic acid, the acids of the new metal 
binm, peroxide of iron, and some others. In 
mineral gadolinite, this phenomenon is very wf 

• See Eoaa's paper on thia in tlie ' Annnlen der Phjflik 
tSemie,' J835. 
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bserved. The rare minera.! called aamarskite (nio- 
ate of iron, of nranium, and of jttria) presents the 
ime phenomenon to a leas degree. 

Oxide of molybdenum (MoO) is obtained by 
eating the hydrate of this oxide in vacuo : 
fhen the water is all evaporated, the dry oxide re- 
laining appears as if on iire; the anhydrons or 
ry oxide is then completely formed. 

According to Berzelins antimoniate of copper 
ecomea luminons when heated, and changes its 
hemical nature. Something similar has been ob- 
snred with phosphate of magnesia. 

About fifteen years ago, M. Scheerer showed 
bat the density of gadohnite (which, like samar- 
Idte, contains no water) increases during the 
hosphoric radiation ; the density of the mineral is 
Teater after the experiment than before. M. H. 
Lose has confirmed this fact anew, and has shown 
t the same time, that with samarskite the con- 
raiy is observed : the density dlminisluii^. These 
bsorvatious alone prove that a molecular change 
akes place during the emission of light. 

H, Rose has also confirmed the fact announced 
ome time ago by Eegnault as an hypothesis, viz. 
hat the luminous phenomenon which occurs 
?hen the aubstauces above alluded to suddenly 
hange their state, is accompanied by an imme- 
liate change in their specific heat. Thus, the 
pecific hcut of gadolinite dimimstea cjue-^Q'ttS- 
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teenth during the emiasion of light. This neces- 
sitates a diaengagement of heat, which is really 
observed to take place, as is showo in the follow- 
ing experiment: — When chromic oxide, titanic acid, 
or better than all, gadoliuite is heated in a small 
retort, the end of which, terminating in a capil- 
hiry tube, plunges into water, the dilated air coB" 
fined in the apparatus is expuleed through ths 
water uniformly as the heat increases, and when 
the phenomenon of incandescence takes place, the 
bubbles of air are, for a moment, driven out ■ 
lently, indicating a sudden production of heat. 

With samarskite and araenious acid (see p. 19)j 
whose densities diminish during the experimenJ 
no boat is disengaged, as with gadohnite. Thi 
thinks Rose, when this phosphorescence 
without any disengagement of heat, it seems 
indicate a diminution of density, whilst phosphcf 
reacence with emission of heat, appears indicatii 
of an increase of specific gravity ; and " probablj 
during the dirmnidlon of density, the calorio 
employed to separate the atoms, instead of bein] 



These results, obtained at the beginning of thi 
year 1857, are exceedingly remarkable. 

In this chapter we should include also the well 
known phosphorescence of phosphonis, formerl] 
studied in our ' Recherches nouvelles sur le Pho* 
phore.' The phenomenon occurs when phosphorol 
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f oombines with the oxygen of the atmosphere to 
I form phosphorous and phosphoric scJds. As a 
• fhemical phenomenon it is in eveiy respect similar 
to the flame produced when potassium or sodium 
Ijiims in contact with water, or when many bodies 
having very strong affinities for each other, com* 
bine, with a production of light. The phospho- 
rescence of phosphorus, and the combustion (for- 
mation of phosphorous and phosphoric acids) by 
which it is accompanied, occur in air or oxygen 
gas at a given temperature. But if the pressure 
of these gases be diminished, the phosphorus 
becomes luminous at a lower temperature; and 
reciprocally, if the pressure be increased, the tem. 
perature must be elevated proportionally to make 
the phosphorus shine. The introduction of some 
foreign gas, such as hydrogen, nitrogen, or car- 
bonic acid, into the mixture, has the same effect 
upon the luminosity of phosphorus in air or oxy- 
gen, as if the pressure of the latter were dimi- 
nished — a remarkable phenomenon observed by 
M. Bellani. This is the reason phosphorus shines 
at a lower temperature in the air than in pure 
oxygen gas. 

Thenard hae made a curious experiment : he 
shows that nitrogen, hydrogen, or carbonic acid, 
which have remained for five or six hours in con- 
tact with phosphorus, and have then been sepa- 
rated from it, become luminoua when a few bub- 
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blee of air or oxyj^en are passed into the gas es- 
perimentedwith, Carburetted hydrogen did notgive 
the same result. Thia desBrves to bo examined 
aneWjfor I have shown in my 'Recherchea nouvellBS 
8ur le PhoaphorCj' that phosphorus is not volatile 
at tho ordinary temperatnrB of the atmosphere. 
According to Fischer, phosphorus ia luminc 
in the atmosphere at any temperature above zero 
(freezing-point) ; it is even luminous at 6° (( 
grade), but does not then appear covered with va- 
pours. At a lower temperature its light disappears 
completely. In the barometric vacuum no hght Ik 
is prodnced by phosphorus. (See Fischer, "On 
the Light of Phosphorus," in ' Journal fiir prak- 
tische Chemie,' t. xxxv. p. 342.) 

It is not true that phosphorus becomes In- 
minous in carbonic acid, carbonic oxide, oxide 
nitrogen, and cyanogen, as some have asserted.' 
When such appeara to happen, the gasea are 
found to contain small quantities of air. The 
amalleat quantity of air ia indeed sufficient to oc- 
casion a production of light in these circumatances. 

A solution of phosphorus in spirit of 
luminous when dropped into water ; the Kght lE 
only perceived where the drops fall into the liquid- 
One part of phosphorus communicates this pro- 
perty to 600,000 parts of spirit of wine. 

Water in which phosphorus is preserved, be- 
comes luminous in the dark after a certain time. 



BY CLEAVAGE, ETC. 35 

When phospliuret of calcium is thrown into wa- 
ter, a decomposition takes place, and phosphu- 
retted hydrogen gas is evolved. Each bnbhie of 
this gas, as it cornea in contact with the atmo- 
sphere, takes fire spontaneously, and throws off a 
ring of white smoke, lliese pretty rings of smoke 
are luminous in the dark. j 

In the year 1851, M. Petrie discoTered that the I 
metal potassium is phosphorescent when exposed 
to the air, hke phosphorus, ('Aunuaire de Millon 
et Reiset,' 1851.) He covered the potassium with 
bees'-wax,andthencut itintwo. Each segment re- 
mained luminous for about half an hour, the light 
being about one-tenth the intensity of that pro- 
duced by a piece of phosphorus of the same size. 

M. Linnemann pubhshed another note in 1859 
(JouTO. fiir prak. Chem., Ixxv.), upon the phos- 
phorence of potassium and sodium, showing that 
both these metals are luminous upon their freshly- 
cut surfaces. The light emitted by potassium is of 
a reddish tint, that of sodium greenish, according 
to this author. At 60" or 70° (centigrade), the 
light of sodium is quite as intense, if not more so, 
than that of phosphorus. I have had occasion to 
examine sodium whilst phosphorescent. Its light 
is very feeble at the ordinary temperature of the 
atmosphere, and ceases when the newly-exposed 
surfaces of the metal are covered with a layer of 
Oiude (soda). The luminosity lasts for a few m^^l 
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nutes, and increases in brilliancy as the tempern- 
ture rises. 

Potassium also becomes incandescent wben em- 
ployed in the preparation of boron, as must have 
been remarked by any chemist who has prepared 
this metalloid. For this purpose vitrified boracic 
acidj in fine powder, and potassium are heated in 
a metalhc tube. 

In fact, light, often accompanied by heat, is 
evolved, wherever chemical action is very intense, 
For instance, when sulphur and lead are melted 
together, light is produced whilst the combination | 
of these two substances takes place. The same] 
is remarked when phosphorus and iodine act upoi 
each other : the experiment is very striking, anc 
occurs when small quantities of phosphorus 
covered over with iodine, at tho ordinary tempe- 
rature of the atmosphere. In a short time the 
whole takes fire spontaneously. 1 have seen the 
same occur when a crystal of nitrate of copper 
was enveloped in a thin sheet of tin. 

When arsenic or antimony are thrown into chlo<l 
rine gas at the ordinary temperature, thi 
(which must be in fine powder) burst into Q.&mQ 
while combining with the chlorine. When caustio 
baryta is placed in a capsule and concentrated 
sulphuric acid poured upon it, the baryta becomes, 
incandescent. 

If a drop of water fall into a bottle of anhydroi: 
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Bnlphuric acid, a' flash of light, accompanied by a 
slight explosion, is immediately remarked. If 
email pieces of cork happen to fall upon melted 
chlorate of potash, so frequently used to obtain 
oxygen gas, a, flash of light appears ; the gas is 
at first rapidly evolved from the retort, but in 
an instant an absorption takes place, the water 
is aucked up into it, and the apparatus broken. 
When chloride of amide (formerly called chloride 
of nitrogen) explodes, much light is evolved i the 
prepajation and explosion of this substance are 
exceedingly dangerous. Potassium takes fire upon 
water, and burns with a purple flame; I have also 
seen sodium shoot out flashes of yellow light in 
the same circumstances. Nitric acid decomposes 
oil of turpentine, producing a great flame. When 
great quantities of bme are slacked in a dark 
place, not only heat but light is emitted, as was 
formeriy observed by Pelletier.* Also, in a dan- 
gerous experiment made by myself, when sodium 

• There are Bubstonces eallod Xacodglea, (one of wliieli is 
fi>nii«l viben acelatt of potash and areenlous acid aro distUled 
together,) whioh take fire flpontaneously when tliej coma in con- 
tact with Btmosplieric air ; thej are liqnid, and poBEeas a. nauseous 
odour. Homberg'a pyrophomt, which takes fire in the air, ia an 
example of intense cheminal action with production of heat and 
light. It is prepared by calcining alum with organic matters and 
OooUng tlie mixtura slowlj. It must not be mistaken for Hom- 
be^'s pioaphomt, which is melted chloride of calcium, and 
iritioh, as we haTe seen, becomes luminous when lubmittad to 
^BflfH Mction, or when stnick with a haril body. 



88 PSOSPJIOMSSCJENCS. 

is dropped into concentrated stdphmic add, a 
flash of light, distinctly visible in the daytune^ 
is emitted, and red sulphoret of sodinm is 
formed. 

These are all instances of intense chemical 
action, accompanied by evolution of light. 



CHAPTEH IV. 

PE03PHOKE8CENCE OF 6A8E9, AND ELECTRIC 
PHOSPHOKESCENCE. 

The phosphorescence of gases ia quite a new dis- 
covery, dating from the year 1859. It is extremely 
probable that many gases are phosphorescent after 
insolation, when large quantities of them are sub- 
mitted to the action of the sun'a rays. We shall 
see in the following chapter that the air probably 
is BO, and also that meteoric stones leave phospho- 
rescent streaks in the atmosphere. 

We have already noticed, that substances which 
are not phosphorescent after insolation may be- 
come so after they have undergone the influence 
of an electric discharge. In February, 1859, M. 
Edmond Becqnerel communicated to the Academy 
of Sciences at Paris a discovery made by M. Ruhm- 
korff on rarefied air, and worked out afterwards 
by the former. 

M. Euhmkorff remarked that certain rarefied 
gases, shut up in glass tubes, remained phospho- 
rescent for some seconds after an electric dis- 
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charge had been passed through the tubes and. 
gases. HydrogeDj sulphuretted hydrogen, chlo- 
rine, protoxide of nitrogen, showed a feeble light 
for & few seconds after being submitted to an 
electric discharge or a current of induction. With 
oxygen a similar effect is observed. Rarefied oxy- 
gen, enclosed in a serpentine apparatus composed 
of a series of glass globes united by bent tubes 
(fig. 4), in which are soldered platinum wires to 







conduct the discharge, is submitted to the action 
of a powerful induction machine or common elec- 
tric battery. "When the current ia suddenly cut 
off, the entire tube shines with a yellowish light, 
which persists for some seconds and then gradu- 
ally disappears. The experiment mnat of coarse 
be made in a dark room. J 

Sulphurous acid gas sometimes shows a similiur ,] 
^L effect. M. Ed. Becquerel has not been able to J 
^P observe phenomena of phosphorescence in any of i 
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to the electric light, though it is probable Buch 
does exist. 

In the above experiment, when other gases are 
mixed with the rarefied oxygen, the effect is some- 
what increased, probably because a certain amonnt 
of chemical action is set up. 

Our readers know, that by passing the dis- 
charges of a fiuhmkorfi''a induction apparatus 
throngh a glass globe in which the air has been 
highly rarefied, a beautiful luminous phenomenon 
occurs and persists as long as the induction ap- 
paratus continues to work. When the vapour of 
some volatile substance, such as alcohol, essence 
of turpentine, naphtha, bichloride of tin, etc., is 
mixed with the air in the glass globe, and a va- 
cuum then produced by the pneumatic machine, 
the luminous phenomenon is still more beautiful. 
The light forms a series of concentric arches 
separated by dark stratifications ; its colour and 
form remind us of the Aurora Borealis ; and, in- 
deed, some have looked upon this experiment as 
the production of an artificial aurora, the vacuum 
of the glass globe (which is never a perfect void) 
representing the rarefied air in the higher regions 
of the atmosphere, where the Aurora Borealis 
occurs. 

The light thus produced, to be seen to advan- 
tage, must be viewed in a dark room, but it is 
faintly visible in full daybght. 
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These striking experimentH were made some 
few years ago by Professor Quet, and liave ex- 
cited general admiration wherever they have been 
seen. Now it has occurred to M. Ed. Becqaerel,:| 
e certain phosphorescent substances, such; 
of barium, etc., in glass tubes, ia 
which a vacuum has been produced by the air- 
pump, and to submit them in these circumstances 
to the action of M. Ruhmkorff's apparatus 

We have already seen that sulphide of barium, 
of strontium, of calcium, diamonds, chalk, etc., 
acquire phosphorescence when submitted to an 
electric diecharge in the air ; as soon as the dis- 
charge has passed, they glow with phosphoric 
light of short duration, just aa if they had been 
exposed to the sun, or aa if they bad been heated ; 
for these substances are phosphorescent by light, 
by heat, and by electricity. But when they are 
submitted to the rapid series of discharges of the 
induction apparatus in highly -rarefied air, that is, 
in the void produced by the air-pump, the effect 
is very striking. The substances named glow 
continuously with a vivid phosphoric light, so 
long as the discharges continue to pass.* 

In these experiments it haa been observed, that 
the glass of the tubes becomes slightly phospho- 
rescent at the same time as the sulphides. 

Quet made known in 1853 a very curious pro- 
• 8bb Ed. Beoquorel, Ann. de CliJm. It. p. 92 
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1 of light that takes place when water is 
decomposed by the electric current, after 
rendered a good conductor of electricity by 
lition of sulphuric acid or potassa. When 
►unsen's elements are employed, the water 
dly decomposed, and, its temperature con- 
»ly raised, but a moment comes when the 
m wires plunging into the liquid become 
ly luminous, and the decomposition of the 
eases as suddenly. In this case, when the 
is acidified with sulphuric acid, the light 
)ut by the positive pole is red, whilst that 
i by the negative pole is violet. The light 
to encase the wires and to repel the water, 
3 prevent its contact with the metal. 



CHAPTER V. 

METEOKOLOQICAL PHOSPHORESCENCE. 

NuMBROUS observations leave no space for doobbV 
r^arding phosphorescence of tJte drops of r 
certain storms. The phosphoric light produced il 
these circumstanccB shows itself upon the coats oj 
travellers, or on the borders of their hats, etc. I 
This phenomenon astonished M. de Sausaure whiht f 
travelling on the summit of the Breven ; whenever I 
he lifted his hand, he felt a sort of creeping seosa- 1 
tion in the fingers, and in a short time an elec 
Bpark was drawn from a golden button a 
the hat of hia companion, M. Jalabert. The storm I 
roared in the clouds around him. 

A somewhat similar phenomenon occurred to i 
Dr. Kane, the intrepid Arctic explorer, which, for 
certain reasons, we shall speak of in a future j 
chapter. 

On the 25th of JanuMy, 1822, during a hasTJ 
shower of snow, M. de Thielaw, on his route t 
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' iVeybnrg, observed the branches of the trees glow- 
4ing with a bluish light. 

Frangois Arago lias collected many instances of 

luminous rain, among whicli are the following : — 

On the 3rd of June, 1731, Hallai, an ecclesiastic 

of Lessay, near Constance, states that he saw, in 

the evening, during a thunderstorm, rain which 

fell like d/rops of red-hot liquid metal. 

In 1761, Bergman, the celebrated Swedish 
chemist, wrote to the Royal Society of London 
that he had observed on two occasions, towards 
evening, and when no thunder was heard, radn 
which sparkled as it touched the ground^ making 
' the latter appear as if covered with waves of 
fire. 

On the 3rd of May, 1768, near Amay-le-Duc, 
M. Pasumot was overtaken on an open plain by a 
violent storm. The rain-water collected abun- 
dantly on the* border of his hat ; and when he 
stooped his head to let it flow off, he observed 
that, in its fall, encountering that which fell from 
the clouds, at about twenty iuches from the ground, 
spa/rks were endtted between the two portions of 
liquid. 

On the 28th of October, 1772, on his way 
from Brignai to Lyons, the Abb^ Bertholon was 
caught in a storm at five o^clock in the morning. 
Bain and hail fell heavily. The drops of rain and 
the hailstones which struck against the metallic 
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parts of the mounting of his horse's trappin] 
emitted jets of light. 

A friend of Howard, the meteorologist, 
way from London to Bow on the 19th of %, 
1809, during a violent storm, distinctly saw 
drops of rain emit light when they struck 
ground. 

On the 25th of January, 1822, the 
Freyburg informed Lampadius that the sleet' 
fell during a storm eimtted light when it j 
the cai1;h. 

There are other similar iustancea ; these p 
mena are evidently closely allied to electricity, 

Waterspouts (called by the French les traml 
according to Peltier and more recent 
are sometimes observed to be limiinovt when 
happen in the night. 

A case of lv.m,inous meteoric dust is also 
record : — During the eruption of Vesuvius 
took place in 1794, a shower of extremely 
dust fell in Naples and its environs. It emit 
hght which, though pale, was distinctly visible 
night. An Enghsh gentleman, who happened 
be in a boat near Ton-e del Qreeo about this tin 
observed that hia hat, thoso of the boatmen, 
parts of the sails where the dust had lodged, 
M«und a sensible luminosity. 

Shooting stars, or meteoric stones, leave 
them in the heavens a phosphoric stream of li^ 
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■whjcli often persista for a considerable time after 
their passage (fig. 5). In his voyage round the 
woridj the Admiral de Krusenatem saw one of 
these Aerolites leave behind it in the sky a 




phosphorescent streak which persisted for a whole 
hour, without sensibly changing its place. (See 
Humboldt : ' Coetuos/ vol. i.) Phosphorescent 
streaks left behind Aerolites not unfrequently re- 
main visible for about a minute. 

We cannot do more than mention here the 
lightning flash,* tho Aurora Borealis, the Zodia- 
cal light, the fire of St. Elmo, the light of fixed 

■ Onthorarioufl kiaclfl of lightning, see Arago, "NolicB am" 
leTonnepre," inhia ' (Euvres,' or in the Ann. du Bureau doa Longi- 
tudes, for the jear 1838; Phipaon, in the ' Comptea-Rendua' of 
the Academy of Sciancea of Paris, April 13, 1857; and Du Moucel'a 
', *8uTleToiiDerreet1esEctiurs.' Paris: Eachette, IS&T. 
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staiB or suns, and the flame, all of which doabt- 
less belong to our present subject. 

Lord Napier observed the fire of St. Elmo 
the Mediterranean during a fearful thunderstorm. 
As he was retiring to rest, a cry from those aloft 
of " St. Elmo and St. Anne !" induced him to gOj 
on deck. The maintop- gall ant-mast head 
completely enveloped in a blaze of pale, phosphi 
light, and the other mast-heads presented a 
appearance. The phenomenon lasted for eight or 
ten minutes, and then became gradually fainter. 
All other descriptions of this electrical phenomenon 
coincide perfectly with the above. 

The Zodiacal light, when seen under the tropica, 
often shines with a brilliancy equal to that of 
Milky Way in Sagittarius, In our Northern cl 
mates, it is only observed shooting up toi 
the Pleiades in the beginning of spring, after the 
evening twihght, in the western part of the sky; 
and at the close of autumn, before the dawn of 
day, above the eastern horizon. 

Some philosophers have asserted that the son's 
light is an effect of combustion, Hke the flame of a 
common candle; bnt, from a comparison of the rel 
tive intensities of solar, lunar, and artiSoial lij 
as determined by Euler and Wollaston, it app( 
that tho rays of the sun have an illuminating powi 
equal to that of 14,(100 caudles at the distance of : 
foot, or of 3,500,0OOjOO0,O0O,00O,OO0,0O0,O0O,l 
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candles at the distanceof 95,000,000 of miles, wliich 
ia our distance from the snn. Hence it foDowa, 
ttat the amount of light which flows fi-om the sun 
could scarcely be produced by the daily consump- 
tion of 700 globes of tallow, each equal to the Earth 
in magnitude. 

It does not follow that because planetary bodies 
shine principally by borrowed hght, that they do 
not possess also a certain amount of phosphoric 
hiininon'ity. Some modem philosophers are in- 
clined to believe that our earth itself has a peculiar 
phosphoric light of its own : — 

"The extraordinary lightness of whole nights in 
the year 1831," says Alex, von Humboldt, "during 
which email print might be read at midnight in 
the latitudes of Italy and the north of Germany, 
is a fact directly at variance with all that we know 
according to the most recent and accurate re- 
searches on the crepuscular theory and the height 
of the atmosphere." (Cosmos, i, 133, 134.) And, 
again in the same beautiful work (p. 197), when 
speaking of the Aurora Borealis : — " 'Phis beautiful 
phenomenon derives the greater part of its im- 
portance from the fact that the earth becomes 
sclf-luviiTwus, and that as a planet, besides the 
light which it receives from the central body the 
Sou, it shows itself capable in itself of developing 
light." The intensity of the hght thus diffused is 

K superior to that shed by the moon in her 
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first quarter. "Occasionally, as on the 7tli January, 
1831j printed characters could be read without 
difficulty." Indeed, the intensity of the Northern 
or Polar light ia sometimes very great; aud 
LoweniJm assures us, that on the 29th June, 1 786, 
he recogTiizod the coruscation (trembling motion.) 
of the Aurora Borealis in bright sunshine. 

Some splendid manifestations of the Aururtt 
Australig, or Southern light, were witnessed by 
Captain J, Eoss in his voyage to the South Pole.* 
These Southern lights have often been seen in 
England by Dalton, and Northern lights have been 
witnessed in the Southern hemisphei'C — 14th Ja- 
nuary, 1831 — as far aa 45 degrees latitude. 

It has been shown, by many experiments, iiiai 
the electric light, whatever he its source, does notf 
show any signs of polarization. Now this has bet 
lately proved to be the case with the light of 
Aurora, which shows no polarization, according 
Mr. Eaukine ; but when it is viewed reflected froi 
the surface of a river, polarization is detected, 
— which proves that in the former case the want 
of polarization is not owing to the weakness of 
the Aurora observed, 

A curious phenomenon was noted by Admiral 
Wrangel, when he was on the Siberian coast of the 
Polar Sea. He observed, that during an Auror* 

• The Aurora Aiutralw waa soen for the Brat time by OaplM 
Cook in his first TOjage, and again, in his Bccond. TOyage. 
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Borealia, certain portions of the heavens which 
were not illuminated, lit np and continued lumi- 
nous whenever a shooting star passed over tliem, 
M. CoUa, formerly director of the Observatory 
of Parma, has often observed, since 1825, a sin- 
gular Mght in the northern sky, like a zone of 10 
or 12 degrees, parallel to the horizon, often of a 
yellow colour, and moat intense in the direction of 
the magnetic meridian. Ho considers it to be 
" the permanent element of the Aurora Borealis." 
That portion of the planet Veuua which is not 
iEuminated by the sun often shines with a phos- 
phoresce-nt ligJd of its ov>n. 

Towards the latter end of June, 1861, the 
earth passed through a region of the heavens, 
then occupied by a portion of the great comet of 
that year. On this occasion Mr. Hind, Mr. Lowe, 
and others, observed a peculiar phosphoric glare 
in the atmosphere. It was remarked by many 
persons aa something unusual. 

That portion of the moon which is not il- 
luminated by the solar rays shines with a grey 
light of its own, caUed by the French htmlire 
eendree. This is generally attributed to the light 
thrown upon our satellite by the illuminated por- 
tions of the earth ; but it may be that the moon 
possesses phosphorescent quaUties like other ce- 
lestial bodies.. 
J Doubtless other planets posaeea aimioi t^q?,- 
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phorescent propertiea : — " It is not improbable,' 
saya Hmnboldt, "that the Moon, Jupiter, and 
comets shine with an independent light besides 
the reflected, solar light, visible through the po. 
lariacope." 

We cannot do better than quote the following 
passage also, by the aame author : — 

"Without speaking of the problematical, but 
yet ordinary mode in which the aky is illuminated 
when a low cloud may be seen to shine with 
uninterrupted flickering light for many minutes 
together [see further on] , we still meet with other 
instances of terrestrial development of hglit 
atmosphere. In this category we may reckon the 
celebrated luminous mists seen in 1783 and ]831j 
the steady luminous appearance exhibited witbooi 
any flickering in great clouds observed by Bozis^ 
and Beccaria; and, lastly, as Arago well remai*] 
Uie faint diffused li^ht which guides the steps of thi 
iravelkv in cloudy, starless and moonless nighii, 
n autumn and winter, even when there is no snow 
wi the grov.nd." 

Indeed, any attentive observer of Nature may 
assure himself that in the darkest nights of winter, 
at the hoar of midnight, when the influence 
ir light is altogether withdrawn from the i 
mosphcre, and in the absence of moonlight, 

fficient quantity of light is always diffused to 
render objects around ua SamtV-j -^sitiW, and. to 
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enable us to walk witliout hesitation in any open 
conntiy. 

Let the heavens he overcaat, let the stara be 
liiclden by an unbroken mass of clouds, and still a 
enificieney of light will be diffused in the open 
country to prevent the difficulty and inconve- 
nience which would attend any attempt to walk 
in a dark cave, or in an apartment the shutters 
of which are closed. 

It appears to me that the atmosphere and the 
douds themselves act in these cases like the 
pJhospJiori spoken of ia a previous chapter. Being 
exposed to the light of the sun the whole day 
long, it is very probable that they omit a phos- 
pliorescent light like the Bologna stone, for in- 
Btance, when the Sun's rays are withdrawn from 
them ; and moreover, that this phosphorescence 
may, in certain circumstances, assume an extra- 
ordinary intensity, aa we shall see by some of the 
following examples. 

Here are the accounts by Rozier and Beccaria, 
alluded to above : — 

Rozier states that, being at Beziers, in France, 
on the lath August, 1781, at a quarter before 
eight in the evening, the sun having gone down 
and the sky overcast, thunder was heard. At iive 
minutes past eight, the storm having attained its 
; Kozier observed a luminous point above 

B brow of a hill ironting his liouae ■, ftoa ■^ooAi 
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gradually augmented in magnitude until it as- 
sumed the form and appearance of a phosphoric 
zone subtending at his eye an angle of about 
degrees, measured horizontally, and having the 
apparent height of a few feet ; above this w 
dark band, and then again another zone of light. 
These lummoiis zones of cloud were nearer the 
earth than the storm clouds, and their brilliancy 
lasted about a quarter of an hour. 

Beccaria assures us that the clouds over Mb 
observatory at Turin frequently shed in all direc- 
tions a sfrmig reddiih light, which was sometimes 
BO intense as to enable him to read ordinary print. 
This nocturnal luminosity was especially observed 
in winter, between successive falls of snow^. 

When General Sabine and hia crew were lying 
at anchor at Loch Scavig, in the Isle of Skye, he 
observed a cloud which constantly enveloped the 7 
summit of one of the naked and lofty mountains 
which surround that island. This cloud which 
had been formed by the vapour precipitated near 
the mountains after having been brought by the 
constant west winds from the Atlantic, was self- 
luminous at night, not occasionally, but perma- 
nently. He saw frequently issue from it jets of 
light, and convinced himself that this phenomenon. 
had nothing whatever to do with the Aurortti 
Sorealis. | 

We may add to these an o'bser^jati.imQi'Si.daQL- 
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son, who states that during a storm on the 30th 
July, 1797, at ahout five in the morning, certain 
clouds were observed lo slave first with a red, and 
afterwards with a, blue, light. 

De Luc affirms also, that one winter's night, in 
the neighbourhood of London, he observed a Imni- 
nous cloud extending east and west across the 
southern meridian of the place, about 30 or 40 
degrees from the zenith. The atmosphere was 
clear bat not cold, and "there were no signs of 
electricity."* 

One of the most authentic and curious observa- 
tions of hi.minons fogs was lately communicated in 
a letter to M. Elie de Beaumont by M. L. F. 
Wartmann,t of Geneva. The strange phenomenon 
was observed during nine successive foggy nights, 
from the 18th to the 26th of November, 1859. The 
moon being new, was invisible and absent from 
the heavens of Geneva. But a vast fog, not damp 
enough to wet the earth, but so opaque as to 
render invisible the borders of the liver Leman 
and the moimt Sal&se, hovered permanently over 
Geneva and its environs. This fog diffused so 
much phosphoric light, that M. Wartmann could 
easily distinguish books, etc., upon his table, with- 

■ For more ample detaile on some of Iheee phenomena, see 
Beccaria, ' Dall' Elettritrnmo tarreitre atmoBferico ;' Delac, ' Id&< 
BUT la Mct<5oroiogie,' and Arago, in the 'Annuaire' for 1B38. 

t Comptea-BenduB of the Academy of Sciecces, FarJB, S5 De- 
' r,18S9. 



B6 METEOR OLOQICAJ. 

out Laving recourse to any other light. Moreover, 
he questioned a person who had gone on foot from 
Geneva to Annemasse, in Savoie, on the 22nd of 
I November: he had started at half-paat ten eii- 
night, and declared that he saw his way the whole 
distance as if it had been a moonhght night, 
Augnste de la Bive was, that same night, at some: 
distance from. Geneva, and was also aurprised at 
tlie distinctness with which he saw his road, and 
the objects around him. 

The celebrated dry fog of 1783 was described 
by M, Verdeil, a physician of Lausanne, as having 
diffused at night, a luminosity »ii^cienUy iJiteMfl 
to render distant objects visible, and this light 
equally spread in all directions. It resembled the 
light of the moon seen through the clouds. 

This dry fog, in which objects could be seen at 
night at a distance of 600 feet, lasted a whole 
month; it made its appearance nearly at the samd 
time in many distant places, spreading from the 
north of Africa to Sweden ; it was likewise ob- 
served over a great portion of North America, 
but was not seen to spread over the sea. It ap. 
peared to rea<;h higher than the summits of tha 
highest mountains, and neither winds nor raia 
had any power to disperse it. In Europe this 
exhaled a disagreeable odour, was remarkably dry, 
did not affect the hygrometer, and possessed the 
xrktihle jthosphoHc quality I mentioned aborsi 
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Many philosopliera thought that, at this period, 
the earth was bathed in the tail of a comet. 

But ia 1831 another dry fog exactly similar 
was observed ; it did not spread so far as that of 
1 783, and as it did not cover the whole of Europe, 
it was easy to perceive that no comet was present 
to cause its production. 

The origin of these dry, luminous mists, is yet 
a mystery. It may, however, be noted that in 
1 783 Calabria was visited by a terrible earthquake 
which destroyed 40,000 inhabitants ; Mount Hecla, 
in Iceland, broke out in one of its most remark- 
able eruptions, and volcanic rocks were seen to 
emerge from the sea, etc. 

It ia said that a periodical dry fog, which does 
not spread over the sea, visits the eastern coasts 
of Airica with the disastrous wind called the par~ 
nuiian; but whether it is luminous or not I can- 
not say,* 

But one of the most curious phenomena ever 
witnessed was doubtless that described as having 
been seen by General Sabine and Captain James 
Ross in their first northern expedition. Being in 
the Greenland seas during the period of darkness, 
they were called up by the officers on deck to ob- 
serve an extraordinary appearance. Ahead of the 
vessel, and lying precisely in her course, appeared 

• On a iry fog observed at London, see mj note in the 
■ Comptos-Rendufl,' Paris, I86I. 
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a slaihonary light resting on tlie water, and rising il 



I 



considerable elevation. Elveiy other part of 
the heavens and the horizon all around the ship 
were in utter darkness. {Viiie FronHspiece.) Aa 
there was no known danger in this phenomenon, 
the course of the vessel was not altered; and 
when the ship entered the region of this light, 
the officers and crew looked on with the livehest 
interest. Tin;- v'lu)h; vessel was ilhtmliwted ; the' 
most elevated parts of the masts and sails, and 
the minutest portions of the rigging, became 
visible. 

The extent of this luminous atmosphere might 
have been about 450 yards. When the bow of 
the ship emerged from it, it seemed aa if the vessel 
were suddenly plunged in darkness. There was 
no gradual decrease of illumination. The ship 
was already at a considerable distance irom the 
Inminous region when it appeared still visible aa 
a stationary light astero. 

Many persons would look upon this curiouB 
phenomenon as an intensely phosphorescent mist. 
Several observations tend to prove that in these 
northern latitudes the density, and often the dry- 
ness, of the air, contribute much to the intensity; 
of luminous apparitions, especially those which', 
appear to depend upon electrical actions. Tha! 
above is the account of this phenomenon as re- 
lated in I", At^o'b 'Notice b\w la Tonaerre, 



PSOSFSOSSSOENCS. 69 

The following is, however that of General Sabine 
himself, which he has kindly given me in a let- 
ter: — "Before the ship entered into the Auroral 
light, the Aurora as seen from the ship appeared 
as an ar<-h, formed partly of an uniform yellowish 
light, and partly of vertical or nearly vertical 
streamers proceeding out of the luminous arch 
upwards. The centre of the arch was not far dis- 
tant from the zenith, and the legs descended to- 
wards east and west points. We were opposite to 
one of the legs, and sailing towards it till we en- 
tered it. We were sensible of having entered it, 
by no longer seeing it as a distant appearance, 
and by the moment of our entrance into it being 
marked by a generally diffused light, enabling 
those on deck to see distinctly men on the fore- 
topsail yard, who we could not see previously," 
The ship was sailing southward, and entered the 
western leg of the luminous arch. 

At the meeting of the Literary and Philosophical 
Society of Manchester on January 81, 18C1, Mr. 
Baxendell stated that many of the fogs observed 
during that winter were luminous. Mr. Crosse 
and other observers have found fogs to be highly 
electrical. 

I will place here a passage from a Brussels cor- 
respondent, who writes in 1860 : — 

" On looking out of my bedroom window at two 
d^clock on the morning of the "iitWi Saisiia^,^ 
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percoivod the shy to he very light, insomucli ttat I 
could discern the buildings and other objects. Tlie 
wind blew in freah galea from W.S.W., barome- 
ter below ' tempest/ and thermometer about 41°. 
I have only once seen this luminosity before." 

Loch Scavig appears destined to become cele- 
brated for luminous pheuomtina. Besides the 
phosphorescent cloud seen there by General Sa- 
bine, my friend Mr. T. K. Edwards tells me of 
anothcT curious case of a luminous meteor seen 
in the same locality. It was in the month of 
September, 1852 or 1853, and the phenomenon 
was observed about eight o'clock in the evening. 
He was being rowed by four stout men from 
Torrin, in the Isle of Skye, to one of the oppo- 
site shores. On entering Loch Scavig the boat 
containing Mr. Edwards, his friend Mr. Eaymond, 
four boatmen, and a guide, steered across the 
little bay situated on their right, when a light 
was distinctly seen at a great distance to the sea- 
ward. At first it appeared liko the light from the 
cabin window of a steamboat being near to the 
surface of the water, and moving with great ra- 
pidity towards them. The four men at the oars 
noticed it with evident alarm, and spoke hurriedly 
to each other in Gaelic. When the guide was 
asked what they were talking about, he answered, 
" About yon light ; it's no canny thing, neither." 
The rapidity with which the light moved, and its 
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proximity to the boat after a few seconds had 
elapsed, fully convinced every one that it belonged 
to no boat ; besides, as the guide remarked, " no 
bird could fly so quick." It appeal's that this phe- 
nomenon, which I beheve to have been globular 
hghtning, is not unprecedented in the neighbonr- 
hood of Loch Scavig; for though the four oarsmen 
had never witnessed it before, they had heard it 
spoken of on the land as betokening evil, and were 
ao much afraid of it that they pulled the boat along 
moat lustily. The light curved off and was soon 
lost to sight, having been in view and indeed very 
near to the boat, for abont two minutes. The 
nest day was extremely sultry. 

This kind of traveUing light reminds ua of some 
descriptiona of Will- o' -the- Wisp ; but besides be- 
ing seen over the sea, its resemblance to the hght 
of a ship (though it is quite evident no ship or 
boat carried it), and the extreme anltriness of the 
next day, makes me think that it is more probably / 
alhed to those curious cases {/hhular lightning. Onr 
travellers m the boat may not have noticed the 
sultriness of the air whilst on the water, but only 
remarked it the next day, and the men at the 
oara might have heard of the disastrous effects of 
globular Jif^htning. 

A similar light, but a fixed one, was observed 
by Mafl'ei, in 1713, and the phenomenon recorded 

K. Arag-o ; — It was during a liea.vy ^y^er (i1 
■ 
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rain on the lOtb of September. He took shelter 
in the Chiiteau de Fosdinovo (in the province of 
Massa- Carrara, in Italy), and was standing a,t 
window on the groand-floor, when a bright light 
appeared upon the pavement. This light, which 
in colour appeared to be white and blue, was very 
unsteady or vibrating, but had no progressive 
motion j it disappeared as it had made its appear- 
ance, that is, suddenly, but not until it had ac- 
quired a great size. The moment it vanished, 
Maffei felt a slight itching on hia shoulder, a httle 
plaster fell from the ceibng of the room, and a 
cracking noise was heard, very different from that 
of thunder. 

A flame which rose from the ground and 
maintained itself at three feet from the floor of 
the church St. Michel, at Dijon, was noticed by 
the Abbe Richard, on the 2nd July, 1750. This 
flame rose afterwards to twelve or fifteen feet in 
height, increased considerably in volume, and dis- 
appeared near the organ of the church with a lond 
explosion. 

These phenomena are evidently allied to atmo- 
spheric electricity, as they manifest themselveB. 
during storms; but F. Arago distinctly atatee 
('Annuaire/ 1838, p. 371): "it appears that great 
Imninons meteors, aioiilar to lightning in tbeir 
nature, show themselves sometimes at the surface 
of the globe, even wlien the s/cy does itoi a-ppeair 



H FEOSFSOEESCENCE. 63 

stormy." Suct was tlie case on the 4th November, 
17-i9, in 42° 48' latitude north and 11^° longitude 
west of Paris : a few minutea before mid-dajj and 
in perfectly nereiu) weather, a large bluish globe 
of fire rolled up to the ship the ' Montague/ and 
explodedj shattering one of the maatB. This globe 
of fire appeared as large as a millstone. A strong 
"snlphurous" odour was perceived in the ship 
for some time afterwards. The light described to 
me by Mr. Edwards appears to have been some 
such phenomenon, and had he and his companions 
seen the end of it, the fears of the boatmen might 
have been reahzed. 

Detailed accounts of simOar electric meteoi^ 
may be foreign to the subject of the present work, 
though electricity plays, doubtless, its part in all 
phosphoric phenomena; but I have endeavoured 
in these pages to notice, however briefly, every 
known source of terrestrial light, for it is not in our 
power, in the present state of science, to restrict 
phosphorescence to a hmited number of pheno- 
mena. 

I must now say a few words on that beautiful 
and mysterious production of Hght known as the 
WiU-o'-the-Wisp ot Ignis fatuus ffeuxfolleis of the 
French) . 

This phenomenon is generally attributed, by 
chemists of the present day, to the spontaneous 
inflammation of phosphuretted hydrogen ^as. It 
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13 well known that one of the gaseous compomidd 
of phosphorus and hydrogen takes fire ae eo 
as it comes in contact with atmospheric air; a 
it is supposed that in certain circiimstancea t 
putrefaction of animal matters, containing' ph< 
phorus and sulphur, beaides the four 
carbon, hydrogeOj nitrogen, oxygen, and phos- 
phate of lime, is accompanied by a production ol 
this phoaphuretted hydrogen gas, Will-o'-tlts- 
Wiap ia observed in boggy lands, and where it ii 
Been some animal or perhaps an unlucky travellei 
lias been swallowed up in the mire. 

The "corpse-candle" of the Welsh, which flicken 

I over churchyards, is attributed to the above causej 
and the same may be said of that mysterious pro 

I duction of light which occasionally takes place 

J dissecting rooms. 

But no chemical experiment, made with orgMii 
matters, has yet been brought forward to proT 
the 2>ro'diiction of phosjihuretted hydrogen with evo 
lution of light by sKbmUting these iiiailers to ih 
process of jmtref action. Indeed, I have shown, a 
will be stated in a future chapter, that the phos 
phorescenco of dead fish does not appear to depeni 
upon the presence of the chemical element phos 
plioru,. 

If, however, it were placed beyond doubt tha 
the phenomenon of the WiU-ij'-the-Wi^> or Ig\ 
fatuue, depended upon the production and spoa 
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taneous inflammation of phosphuretted hydrogen, 
it could not be classed among phenomena of 
phosphorescence any more than the flames of 
certain fire-springs in the East, which are owing ' 
to the combustion of carburetted hydrogen of ,' 
naphtha, and some of which, like the famouB 
Lycian Chimjera, in Asia Minor, have been burn- 
ing for several thousand years. 

From some very interesting arguments brought 
forward in the last edition (in one volume) of 
Kirby and Spence'a ' Introduction to Entomology,' 
it would appear probable that some cases of ignis 
fatvus might be attributed to certain luminous 
insects not yet known, which hover in clusters 
over marshy ground. These insects seem to be- 
long to the genus Tlpula (Gnat, " Daddy-Long- 
legs," etc.}, if we are to judge from the hovering 
appearance of the Hght. Thus Dr. Dei'ham, in the 
' Philosophical Transactions' for 1729, describes 
an ignis fatmtn, seen by himself, as flitting about 
a thistle. 

Dr. Derham got within two or three yarda of 
another ignis faiuus, in spite of the boggy nature 
of the sod. He states, however, that it appeared 
like a complete body of light without any division, 
so that he was sure it could not be occasioned by 
insects. 

At the same time, it is evident that no insects 
could produce the phenomenon deacribei \i^ ^, 
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"WeisBenbom, in 1818, where the hght travelled I 
over a distance of half a mile in less than a second ; 
(Mag. of Nat. Hist. n.s. i. 553.) 

From these facts, it appears probable to modern I 

philosophers, that there are two kinds of ijnal 

, fatui, the one referable to spontaneously inflam- 1 

I mable gas, the other to luminous insects. 

If phosphuretted hydrogen, or any other spon- 
taneously combustible gas or liquid, caught f 
upon a marsh where carburetted hydrogen (marsh I 
gas) is constantly evolved, the latter would in- 1 
flame also.* I 

In the valley of Gorbitz, Mr. Blesaon discovered, 
a light emanating from marshy ground. Rei 
ing for some days near the place, in order to study 
the phenomenon as closely as possible, he found 
it was owing to an ignited gas, the faint flame of 
which was invisible during the day, but became 
gradually visible in the evening. The gas appears 
to have been carburetted hydrogen, or marsh gas. 
As he approached it, the flame receded, but he 
eventually succeeded in lighting a piece of paper 
by it. 

According to some authors, WUl-o'-t}te-Wi»p 
may be seen at all seasons of the year; but a great 

• At WigmoTB, in Herefordaliire, and other placea in England, 
carbureted hydrogen used to be so abundant in the ground th«t 
it was employed for lighting and cooking in the houBea, ae wo 
ieam from trarellcn a a common practice in China. 
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number of persons I have questioned upon the 
subject all agree in stating that they have noticed 
it in autumn, or towards the end of autumuj and 
the beginning of November. It cannot be termed 
a common phenomenon) as many distinguished 
naturalists have never been able to observe it; 
it ia not unfi^quent in the north of Germany, and 
is often witnessed in the peat districts around 
Port Carlisle, in the Lowlands of Scotland, and in 
the swampy parts of the South of England, etc. 
It was seen by Mr, "Warltire, in a very curious 
form, on the road to Bromsgrove, about five miles 
from Birmingham, as noted by Dr. Priestley in the 
Appendix to his third volume of ' Experiments and 
Observations on Air.' The time of observation 
was the 12th December, 1776, before dayhght. 

Some countries are very remarkable for this 
curious phenomenon; for instance, the neighbour- 
hood of Bologna, in Italy, and some parts of 
Spain and Ethiopia. According to an account 
left us by M. Beccari, an inteUigent gentleman 
travelling in the evening, between eight and nine 
o'clock, in a mountainous road about ten miles 
South of Bologna, perceived a light which shone 
very strangely upon some stones on the banks of 
the Rio Verde. It appeared as a parallelepiped 
of light, about a foot in length, and two feet above 
the stones. Its light was so strong that he could 
plainly see hf it part of a neigbbourmg Vui^ia ksA 
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the water of the river. On examiaing it a little' 
nearer, he was snrpriaed to find that the light be- 
came pa]er, and when he came to the place itaelf, 
it quite vanished. No ^mell or other mark of fire' 
Mas observed at the place where this light shone. 

Another gentleman informed M. Beccari that 
lie had seen the same light five or six different 
times, in spring and autumn, always of the same 
shape, and in the very same place. 

Dr. Shaw, in his 'Travels to theHoly Land,' states 
that an ignis fatuuit appeared to him in the val- 
ley of Mount Epha-aim, and attended him and his 
company for more than an hour. Sometimes it 
appeai'ed globular, at others it spread to nui-h a 
degree as to involve the whole company in a pale, 
inoffensive light; then contracted itself, and sud- 
denly disappeared, bnt in less than a minute it 
would appear again; sometimes running swiftly 
along, it would expand itaelf at certain intervals 
over two or three acres of the adjacent mountains. 

Dr. Priestley has given an account of what some 
look upon to have been an artificial Will-o'-the' 
wisp. A gentleman, who had been making eleco 
trical experiments for a whole afternoon in a emal 
room, on going out of it, observed aflame follow 
mg him at some little distance. In this case, how> 
ever, there seems to have been a difference betwt 
the artificial ignis fatiius and that met with 
BBture, for the &ame /olluiuud \.\ie, ^■eutleiaau 
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he went out of the room, but the natural plieno- 
menon generally recedes as we approach it. 

It 19 a common practice, in chemical lectures, to 
imitate the Will-o'-the-wisp by throwing fragments 
of phosphuret of calcium into water, when flames 
arise, owing to the spontaneous combustion of 
phosphiiretted hydrogen gas. But the imitation 
is very bad indeed, and can hardly be said to 
resemble the mysterious natural phenomenon, 
much less explain it. For my own part, I think 
the ignin fatuus to be sometimes the light from a 
burning gaa, which light is invisible in the day- 
time, and at other times to be connected with 
those curious cases of luminous mists mentioned 
above, and in which electricity doubtless playa an 
important part. 

The luminous appearances known in Scotland 
as Elf-candles belong either to this category of 
phenomena, or to that which will be treated of in 
a future chapter of this Work. 



CHAPTER VI. 



The duration, the intensity, and the colour of 
phoaplioric light produced by mineral aubat 
depend upon ike nature of the phospKoresccni bodiji 
I shall mention only a few examples of colour; 
The moat general tint of light is that seen in th8' 
glow-worm and other phofl])hore3cent anima,l8) of 
which we shall speak hereafter; it ia a greenish- 
yellow hght, at timea approaching to whiteness. 
Some bodies however appear, during their phoS' 
phoreacence, to emit light which differs a little 
from thia as to ita colour. Certain marbles 
amber (succinum) give a phosphorescent light of 
a golden yellow; some specimens of fluor-spar, 
arsenjate of lime, and chloride of calcium, emit a 
greenish light ; other varieties of fluor-spar pro- 
duce a bluish-violet radiation, and that which ia 
called Chlorophane gives a, green phosphoroacence. 
Oriental garnet shines with a reddish phosphorea- 
cence, whilst Harmotome (a sort of zeolite) gives 
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a greenish-yellow phosplioresceiice. Dolomite, 
Aragonite, aai some specimens of diamond, shine 
with a brilliant, white, phosphoric light. 

In the same manner, the colour of a flame de- 
pends upon the nature of the body that bums. 
Thus, carburetted hydrogen and sodium bum with 
a yellow flame, oxide of carbone with a blue 
flame, potassium and cyanogen with a purple 
flame, etc. 

Pearsall, Brewster, Dessaignes, and Becquerel 
have studied this subject. It appears to me very 
evident that the same subatance may slightly 
differ in the colour of its phosphorescence, ac- 
cording to the manner in which the latter is 
prepared or excited. 

Concerning colours and tints, we should, in 
general, be careful in admitting them too exclu- 
sively, for there are scarcely two persons who will 
entirely agree upon the denomination of any tint 
that is not one of the striking colours of the solar 
spectrum. 
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CHAPTER Vn. 

INVISIBLE PHOSPHORESCENCE. 

I BATE given the name of Invisible Phosphorra- 
cence to some curious phenfjnena discovered by 
my ingenious friend M. Niepce de St. Victor, 
who communicated them to me with much kind- 
ness before they were published. During latter 
years he has, however, addressed to the Academy 
of Sciences, at Paris, a number of notes and papers, 
in which his experiments are detailed.* The basis 
of them all was the following interesting obaer' 
vation : — 

M. Nifipce discovered that if an engraving be 
exposed for some time to the sunlight, Euid then 
taken into a dark room, and placed upon a sheet 
of photographic paper prepared with chloride of 
silver, an impression of the engraving is produced 
in a very short space of time upon the paper. This 
experiment was immediately tried with a great 
variety of substances, such as white porcelain with 
Comptes-Rendus' from 1S5T to the present time. 
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b3ack*^gnre3, wood, linen, cardboard, marble, 

C and always with the same result. In every 

[periment, an impression was left on the photo- 

raphic paper in the dark, and this experiment 

as clearly proved to be owing to the action of 

'K^fe( alone ; no chemical agent whatever to which. 

such a phenomenon might be attributed, entered 

into theso experiments. 

It was soon perceived that certain substances 
seemed to possess, as it were, " a greater aifinity 
for light than others," and, as M. Ni^pce used to 
say, "seemed to become, during their exposure 
I to the sun, more saturated with bght than others" 
■ in the same space of time, and, consequently, acted 
with greater intensity on the photographic paper 
in the dark. 

A step more, and my friend had actually "bot- 
tled up light," to use his own expression. A sheet 
of cardboard, imbibed with a solution of tartaric 
acid or a salt of uranium, was rolled into a cylinder 
and placed inside a tin tnbe, open at one end, so 
as to line it. The tube was then exposed to the 
Kght, with its orifice towards the sun. After a 

i certain time had elapsed, from a quarter of an hour J 
to about an hour, the orifice of the tube was her- I 
metically sealed up. If such a tube be taken into I 

I a daJ-k room, opened, and its orifice placed upon ' 

A sheet of photographic paper, in a very short 
Ji&aB the impression of this orifice ia left u^on the J 
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; paper. I Lave seen tubes of this kind that Ii&d 
been prepared and corked up for a week, a fort- 
night, and aome that had even been closed np for 
months, after their exposure to light, and all left 
the impression of their orifices upon the photo- 
graphic paper, as if the paper in the tube had 
been acted upon only a few seconds before. Bat 
I the impression is not so intense when the tube 
' has been kept closed for a long period of time. 
These effects are owing probably to a pheno- 
menon of phosphorescence, and, if so, they prove 
evidently that all bodies possess this property to 
a greater or less extent, depending upon the 
nature of the substance examined. Luminous 
yibrarions, which constitute phosphorescence, are 
hereby shown to exist when we cannot perceive 
them : their presence is made known by the pho- 
tographic paper when the eye is not able to discern' 
them. These luminous vibrations persist, also, foi 
a period of time which is much longer than any* 
one would, at first, be inclined to suppose. 

In a recent paper, M, Niepce says : — " I have 
repeated my former experiments of shutting upi 
light in tubes, employing in these experiments 
cardboard imbibed with a salt of uranium, or witii 
tartaric acid. The results have been far mora 
Borprising than before. I expose to sunUght 
sheet of cardboard saturated with tartaric acid i 
with a salt of uranium, after which I roll my card- 
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lioord into a metallic tube, so tliat it lines the 
latter, I close tlie tube, and after a very long 
period of time I prove, by opening it, tliat the 
cardboard acta upon salts of silver as perfectly as 
it did the day it was prepared. At the ordinary 
temperature, this action becomes manifest only 
after a period of twenty-four honra j but if, after 
opening the tube, a few drops of water are thrown 
into it, and it be then closed again, and heated to 
forty or fifty degrees (centigrade), on re-opening 
the tube, and applying its orifice to a photogra- 
phic paper, an impression is produced upon the 
latter in less than five minutes. This experiment 
only succeeds once, as if the photographic paper 
had absorbed all the light out of the tube ; and to 
produce a second impression, the cardboard must 
be again exposed to light."+ 

This shows that heat and chemical action have 
an influence in these phenomena, and we know 
that this is very generally the case in phenomena 
of phosphorescence. 

Mr. Draper, in his ' Human Physiology,' p. 288, 
describes an experiment which is closely alhed to 
the above : — If a sheet of paper, upon which a key 
has been laid, be exposed for some minutes to the 
Bunshine, and then instantaneously viewed in the 
dark, the key being removed, a fading spectre of 

• This pasBBgo IB not. entirelj in M. Niepce'a own words, but 
u T condensed it from his paper for the Eogliali press in 185S. 
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tlie key will be Tieible, Let this paper be pnt 
aside for many months where nothing can disturb 
it, and then in darkness be laid on a plate of hot 
metal, the epectre of the key will again appear, 

in the cases of bodies more highly phospho- 
rescent than paper, the epectres of many different 
objects which may have been laid on in snccession 
will, on warming, emerge in their proper order. 



PART II. 

EMISSION OF LIGHT BY VEGETABLES. 
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PHOSPHORESCENCE IH PIIASEaOGAMIC PLANTS. 

The phenomenon of pboaphorescence has, up to 
the present time, heen very httle observed in the 
vegetable world, 

I have collected, not without much difficulty, 
all the observations npon this subject which ap- 
pear to me worthy of confidence. Luminous 
plants are probably numerous, though few have 
been observed hitherto, and the observations we 
possess are somewhat scanty and uncertain. 

The first discovery of a hght-emitting vege- 
table is attributed to the daughter of Linn^us — 
a yonng damsel who was fond of setting fire on a 
dark summer evening, to the inflammable atmo- 
sphere which envelopes the essential-oil glands of 
certain Fraxinellce, an experiment with which the 
learned Franjoia Arago was quite as delighted a 
the daughter of Linnteus. 

A curious fact strikes ua here i the first obser- 
vation of vegetable phosphorescence was mada 
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to be connected in an extraordinary manner with 
thesp phenomena. 

Seated one sultry anramer evening in a garden, 
the daughter of the illustrious naturalist observed 
with surprise certain luminous radiations emitted ■ 
by the flowers of a group of nasturfiunis. This . 
curious observation waa made more than once 
during twilight in the months of June and July, 
1762. The girl lived long to tell her wonderful 
tale.* 

The same phenomenon has been witnessed by 
other naturalists, but almost exclusively on yellow 
or orange-coloured flowers. Thus, it has been 
seen, we are told, in the corolla of the sunflower 
[Helianthis animus), in the garden marigolds 
[Calendula), in the two species of Tagdcs (which 
the French botanists call the Rose d'Inde and the 
(Eillet d'Inde). Phosphoric light has also been 
seen to be emitted from the flowers of the Tu- 

• Mre. Loudon, in her 'Ladioa' Flower Glarden,' p. IIQ, says: — 
" A eurioiiB discover; was made respecting tliis plant (Tropaolum 
majaf, L.) b; oue of tlie daughters of Linnaeus, who diati lately 
at the adyanced age of ninety-aii. This lady, in the year 1762, 
ub««rved the T. nq/iu, or gardun Nasturtium, to emil sparta or 
/tarhai in the moiiiing before sunrise, during the montlis of June 
snd July, and also during twilight in the erening, liut not after 
total dariincBB cume on. Similar Qashes have been produced by 
other flowers, and it ban been observed that they are always noxt 
brilliant before a thunderstorm." See also Paiton's Mag. of 
Botany, vol ii.p. 1^5, It has been asserted that certain Sowers 
nit liglit at the periods of floration ani \ecvii\4B.>i\cra. 
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berose, different varieties of Nasturtium, the Yel- 
ow Lihj, and some other plants. 

The Swedish naturaUat, Professor Haggem, per- 
ceived one evening a faint flash of light repeatedly 
dart from a marigold (fig. 7}. Surprised at snch 




an nncommon appearance, he resolved to examine 
it with attention, and, to be assured that it was no 
deception, he placed a man near him with orders 
to make a signal at the monaent when he ob- 
served the light. They both saw it constantly at 
the same moment. The light was most brilliant, 
upon marigolds of an orauge or flame colour ; but 
flcarcelj visible on pale ones. The flash was fre* 



r FHANESOQAMIC BLASTS. 83 

qnently seen on the same flower two or three 
timea in quick succession, but more commonly at 
intervals of several minutes; and when several 
flowers in the same place emitted their light to- 
gether, it could be seen at a considerable dis- 
tance. This phenomenon was remarked in July 
and August at sunset, and for half an hour, when 
the atmosphere was clear ; but after a rainy day, 
or when the air was loaded with vapours, nothing 
of it was seen. The fact of this phenomenon only 
occurring when the air is dry, leads ns naturally 
to presume that it is connected with electricity. 
The following flowers were observed by M. Hag- 
gern, to emit flashes more or less vividj in this 
order: 1, The marigold (Calfindtila o^'nnalis, 
fig. 7). 2. Monkshood, or garden nasturtium {Tro- 
paiolum viaj-us). 3. The orange lily {lAKuvi bvlbi- 
ferum, fig. 8). 4, The French and African mari- 
golds {Tagctes patula and 2". erecio). 

To discover whether some little insects or 
phosphoric worms might not be the cause of this 
emission of light, M. Haggem cavefiiily examined 
the flowers with the microscope, but no animal 
OT;g;anisms were found. The rapidity of the flash 
seems to indicate that electricity has something to 
do with the phenomenon. The same philosopher, 
after having observed the flash from the orange 
lily, the anthers of which are a considerable dis- 
tance from the petals, assured liimaeV? *iW\i 'O&a 
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light proceeded from the petals. But as it is wdl J 
known that when the pistil of a flower is impreg- 1 
Hated, the pollen bursts away by the elasticity of I 
■the anthers, and may bo to a certain extent el 
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trified, M. Haggem thinks that this emission of 
liglit by flowers is electrical, and that it is caused 
by the pollen which, in flying off, is scattered 
upon i.he petals. Whatever we may be inclined 
to think of this theory, the observations of M. 
Haggem are exceedingly interesting. 

Tie latest, and at th.e same time m.ost authentic 
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abservation of luminous flowers that has been 
made^ is the following : — 

On the 18th of June, 1857, about ten o'clock 
in the evening, M. Th. Fries, the well-known 
Swedish botanist, whilst walking alone in the 
Botanic garden of Upsal, remarked a group of 
poppies {Papaver orientale), in which three or 
four flowers emitted little flashes of light. Fore- 
warned as he was by a knowledge that such 
things had been observed by others, he could not 
help believing he was suffering from an optical 
illusion. However, the flashes continued showing 
themselves from time to time during three-quar- 
ters of an hour. M. Fries was thus forced to be- 
lieve that what he saw was real. The next day, 
observing the same phenomenon to re-occur at 
about the same hour, he conducted to the place a 
person entirely ignorant that such a manifesta- 
tion of light had ever been witnessed in the vege- 
table world, and without relating anything con- 
cerning it, he brought his companion before the 
group of poppies. The latter observer was 
soon in raptures of astonishment and admiration. 
Many other persons were then led to the same 
spot, some of whom immediately remarked that 
the flowers were throwing out flawes. 

Some days later, on the 23rd of June, the wea- 
ther having become warmer, fourteen persons 
again witnessed the little flashes of light on the 
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flowers, not only of Papaver oriejifale, bat also!, 
on those of the lily, LUiwni bulhifenim. And fee-' 
fore the phenomenon had ceased, upwards of a 
hundred and fifty persons had heeu astonished 
and dehghted with this singular case of phospho- 
rescence. 

In the flowers observed by the daughter of 
Linnjeus, the phosphoric light produced was not 
continuous ; it manifested itself in flickerings or 
Eparka, which were shot out from tho corolla, and 
resembled aomewhat those given by an electric 
machine. Other observers agree with these state- 
ments, and remark that the plants in question are 
moat luminous on calm sultry summer evenings 
when the air is highly charged with electricity, , 
and have never been noticed to emit light when 
the atmosphere ia very damp. 

In the phenomena remarked by Fries, the phos- 
phorescence of the Bowers always occurred be- 
tween the hours of a quarter past ten and a quar- 
ter past eleven in tho evening. The weather waa- 
warm and sultry, and the luiainous phenomenon 
.was best observed by looking at a group of 
poppies without fixing the eyes upon any one 
flower in particular. 

But the emission of light by phanerogamic 
plants is not limited to the flowers. Some nata- 
ralista assure ua that tho leavps of CEnoihera ma- 
croearpa, an American Tplttnt, exii-ibit ipdoej^ono 
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, tigJit when the air is Mghly charged with electri- 
city. 

The Itifex or milky juice of some vegetables 
becomes phosphoresceiit when it la nibbed upon 
paper, or when it 11 heated a little This is ex- 
tvemely remarkable in Eupltoihui phosjtiiorea, a 
Brazilian species, which I believe has also been 
met with in Asia. If its stem be broken, and the 
milky juice which exudes be drawn over paper, 
characters are obtainsd which appear luminous in 
the dark. It is to M, Martins, of Montpellier, 
that we owe the discovery of the phosphoric pro- 
perty of this plant. 

An emission of light has also been observed in 
a plant closely allied to the Palm family, and 
wbich belongs to the genus Paiidanus. The rup- 
ture of the spatha which envelopes the flowers of 
this genus of plants, is accompanied by a loud 
cracking noise, and a spark of light. 

The common potato in a state of decomposi- 
tion sometimes emits a most vivid light, sufficient 
to read by. Tliis fact was remarked some time 
a^ by an officer on guard at Strasburg, who 
thought the barracks were on fire, in consequenca 
of the light thus emitted from a cellar full of 
potatoes. Thia phosphorescence resembles that 
of stale fish, but it is perhaps attributable to the 
same cause as that of decayed wood, treated of in 
the next chapter. 




PHO3PH0EE9CEKCE IN CRTPTOGAMIO PLANTa, 
AND EMISalON OF LIGHT FKOM DECAYED 
WOOD. 

Phosphorescence has been rather more frequently 
i observed in Cryptogams than in Phanerogams, 
An emission of light has been observed in 

pretty little plant belonging to the family of 
I Sepatieo', which grows chiefly upon schists, and 
I resembles in miniature the royal fern [Omivmilo, 
alifi). From these two circumstances, the 
I plant in question has been named Schistostega 
\ 08mundaet!a{&g. 9). When this plant germinatea, 
[ it gives birth to numerous confervoid filaments, 

■which shine in a semi -obscurity witha veiy sin- 
L gular luminosity. 

Unger has observed, however, that spiders' webs 
I present very nearly the same appearance, and this 
I circumstance has led some naturalists to believe 

that the shining property of Schigtolega oanum- 

flacea may probably be nothing more than re- 
. fleeted light. 
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In the great family of F^ingi, many cases of 
phogphoreacence hare been accurately observed, 
especially among the Rki2omorpli(e, — curious vege- 
table organisma, resembling long thin dark-co- 




loured roots {rhho-moi-pha, in form of a root), some- 
times expanding into a membraniform production, 
which are seen creeping between the bark and the 
wood of old decayed trees (willows, oaku, poplars), 
or shooting down into dark holes, into damp cre- 



The white, flocconons extremities which consti- 
tute the mycelium, of the species known aa R. swi- 
ii-rranea, f%. 10), observed not un.fre^pen.'A'j ^'t 'Oaa 
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bottom and on the walls of dark damp mines 
. moist oaveruB, on old decayed humid towers, etc.»J 
evolve a tranquil phosphoric light, which somo-'l 
times attracts attention by its intensity. 




The phosphorescence of R. suhterraiiea is fre- 
quent in coal mines, and lias been many times T 
observed near Dresden. Counsellor Ehrman has 
spoken with cnthusiaam of its pleasing effect in 
these lone and desolate places. Having once de- 
scended into one of the Swedish mines, he saw 
these "vegetable glowworms" gleaming along its 
walls or shining in some obscure recess. 

Caverns in the granitic rocks of Bohemia are 
often beautifully decked with this luminous cryp- 
togam, and I am tnld that our English coal-mines 
occasionally exhibit, by its aid, a light sufficiently 
clear to admit of reading ordinary piint, 
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But nowhere, perhaps, ia the effect produced by 
this cryptogamic phosphorescence so exquisitely . 
beautiful as in the mines of Hesse, in the north of j 
Gt-rniany, where the walla of the air gallories ap- 1 
pear illuminated with a pale light resembling that | 
of the raoonbearaa steaHng through narrow cre- 
vices into some gloomy recess. 

Some other species of RhLromorpha are sup- 
posed to be luminous, but this is doubtfuf . Heinz- 
mann says he has remarked phosphorescence in 
i?. giibterranea and in R. aidulm. 

Certain expenmentalists think that the light of 
these fungi is more brilliant in oxygen gas than 
in the air, and that it is extinguished in those 
g'ases which are non-respirable ; whilst others, on 
the contrary, have asserted that though hydrogen 
gas, hydrochloric acid, and nitric oxide, seem to 
put out the light of many phosphorescent fungi, 
this light is not extinguished in pure nitrogen. 
These observations require, therefore, to be re- 
peated with care. 

Phosphorescence appears to have been first ob- 
served in large fungi at Amboine, by the botanist 
Rumphiua, who saw light emitted from a species 
he has designated Fungus igneus, or fire-mush- 
room. It was afterwards seen in the Brazils by 
another botanist, Gardner, upon an agaric, wiiich 
grows on the dead leaves of the Pindoba palm, 
^uul which has been named Aqartuua GcurAuon., 

I 
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Mr. Gardner found these phosphorescent fungi in |i" 
Braail, but it appears that a very large apeciea I" 
.which poasesses similar light -emitting propertiea, 
- is found in the Swan Eiver colony. 

A red mnshroom, Agarieiis ohiirms {fig. 11), 




I 



which grows at the foot of the olive-tree, in Italy, 
throws out during the night a blue light, which 
spreads silently around. This remarkable fungus 
has been studied by M. Delille and M. Fabre; 
According to the first-named naturalist, wheil 
this agaric is still young, it is phosphorescent foi 
many successive nights, even when it is detached 
from the tree, at the foot of which it is generally 
to be found. It begins to shine a bttle befoi 
nightfall, continues lummoua d-Mtm^ tk* mghfe 
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and ceases to shine as soon aa the sun rises. 
The same author says that he never saw the/ 
Afjari-eus ohnrlitif shine during the daytime, hi 
ever dark the room in which it was kept ; and we 
might remark upon this that fungi only vegetate 
at night. But M, Fabre has, more recently, ob- 1 
served that the phosphoi'escence of this agaric is 
not intermittent, aa M. Delille supposes, and that 
it shines during the day as well as by night. Ex- 
posure of the plant to Buulight appears to have no 
influence whatever upon the phenomenon, " and 
does not prevent its manifestation as soon as 
the fungus is removed into a dark place." This 
seems, however, to indicate that the sun's light 
has, in reality, an inflnence upon the emission of 
light by this fungus during the daytime, and 
that the phenomenon observed by M. Fabre is 
probably a case of phosphorescence after insola- 
tion — a circumstance not to be passed over slightly, 
as we see further on, that a similar fact, has been 
observed in the insect world. 

M. Fabre has also shown that the dampness or 
dryness of the air does not appear to have any 
influence npon the phosphorescence of Agaricus 
olearivs, unless indeed the dryness is so intense 
as to desiccate the tissue of the plant, Aa eleva- 
tion of temperature, within certain 
not modify the phenomenon : below 
intigrade) the light ceases, but tke 
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cence recommences when the temperature is g 
dually raised again above this point. If the pUi 
has been kept for some time at freeBing-point,M! 
it loses its phosphoric property completely. Ail 
warmth of +48° to +50° likewise destroys thiill 
peculiar property. In other i-espects the emiaaionll 
of light by this agaric is the sarae under watetl' 
as in the air, and pure oxygen does not appear tO 
augment its intensity. No elevation of temper 
ture can be observed in the parts of the fiuigi 
which shine. 

The phosphoric light emitted by Agnriaua d 
arius is evolved from the head {idleiis) of th 
fungus ; the lavwllce of the pileus, where the apo 
rules or seeds are accumnlated, are the seat ( 
this extraordinary phenomenon. 

The hijssoid fimgi, which penetrate the tiBsni 
of other superior kinds of fungi, or into decaye 
wood, are frequently seen to be phosphc 
and the light observed is generally attributed t 
the decayed wood itself. This is very remarkab 
in old willows [SaUx] , Wood which is tender, H 
that of these willows, is often penetrated in all j 
parts by filaments of the myrdiuvi of some ii^ 
rior byssoid fungus, by which it acquires KiJ 
culiar fungoid smell, and becomes lumiztoos' 
the dark. 

This light is curious to observe under the 1 
croscope, in a dark room. 
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It is not exactly known to what species of fiin- 
gas decayed wood owes its phosphoric light, bat 
we can, with much probability, attribute it to the 
mycelium of a certain Tftelephara which Linnaeus 
has named Byssxis pliosphorea, placing it in the 
genus Bysave, because this illustrious naturahst 
was only acquainted with the filaments of the my- 
celium, and not with the entire plant. 

Agardh, who also saw the mycelium only, 
classed its filaments under the name of Mydnema 




i 



phoaphoreumj and other botanists have named 
them Conferva phoaphorea and Auneularla phoe- 
phorea. At the present day the fungus, of which 
these luminous filaments constitute a part — the 
mycelium— is known under the specific name of 
Thelefikora cmndea (fig. 12), on account of the 
, fine blue colour observed upon the perfect 
plant. 
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It is quite posaibie, however, that the syw 
nyma given above refer to more than nne planf 
it is very probable also that many bysaoid fuiij 
are luminous in the darkj and that this phosplu 
ric property pertaius to many other cryptogamJ 
Adrien de Jussieu, in his 'Elements de Beta 
nique,' remarks that certain kinds of wood becomi 
phosphorescent when they are exposed to til 
damp after they have been cut in full sap. Thi 
phosphoric light emitted in this case appears 
be owing to one of the byssoid fungi just nami 

No AlgcB have, if I mistake not, been describe 
as phosphorescent, although many whilst grow 
ing under water reflect colours which perish b] 
most immediately when the plant ia removed t 
the air. Of this class are several species of Cytta 
selra., especially C. ericoidi'.a, which, though reall 
of a greenish- olive, appears when growing nndc 
water to be clothed with the licheat phosphori 
greens and bines, changing momently, as th 
branches move to and fro in the water. Simila 
colours, according to Harvey, have been observet 
though in a less striking degree, on some of ti 
RedAhj(p., and the genus Jj-i'(Jft(i derives its iiaBi 
from this phenomenon. Chondrus •■r'lspua is ol 
served to be occasionally u-idescent, and at tl 
Cape of Good Hope Ohmn2na mmfressa and CAi 
locladla Capensls present very brilliant rainbol 
HPj etc. "The cause of these brilliant 
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lonrs," saya Professor Harvey, " has not been 
particularly sought after." 

I cannot say these pertain to phosphoric phe- 
nomena, but I have cited the above cases on ac- 
count of their curiosity. They appear rather to 
belong to the optical phenomenon of interference. 
Experiments made with a view of investiga- 
ting the physical causes of the phosphorescence 
of decayed wood, alluded to above as owing to a 
zninute cryptogamio organism, have consisted in 
placing the luminous wood into different gases, 
plunging it under water, etc. Bockman has proved 
that phosphorescent wood is as luminous in pure 
nitrogen and in a void, as in pure oxygen, and 
that its light is extinguished even in oxygen gas, 
if the temperature be rather high; also, that it 
remains luminous under water. This ingenious 
experimentabst has remarked that moisture ex- 
alted, to a remarkable degree, the phosphoric in- 
tensity of decayed wood, and that it appeared es- 
sential for its manifestation. 

In general a certain degree of warmth and 
moisture, combined sometimes with a peculiar 
electrical state of the atmosphere — though thia 
does not always seem essential — appear to be the 
most favourable conditions under which we ob- 
serve vegetable phosphorescence. 
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ANIMAL PHOSPHOEESCENCE. 
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CHAPTER I. 
i:mission of light by dead animal matter. 

In this section of my work I shall speak of the 
emission of Ught by dead animal matter, before 
entering upon the subject of phosphoric animals. 

It is well known that when the dead bodies of 
certain fish, more especially mackerels and her- 
rings, are exposed to the air for a short time, 
they soon become luminous in the dark. When 
they are in this state, if we merely rub the finger 
over the luminous surface of the dead fish, we re- 
cognize the presence of an oily substance, which 
renders the finger luminous, as if it had been 
rubbed upon phosphorus. 

This grease, when separated from the body of 
the fish by means of a knife, and placed upon a 
plate of glass, continues to shine in the dark. 
When examined under the microscope, not a ves- 
tage of infusoria or other animalcule is seen in it, 
which otherwise, as we shall see further, might 
account for its luminosity. 
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When these dead fish ai-e placed in sea-water, 
they render it luininous in the courae of a few 
days, — the phosphorescence of the sea ia however 
owing to a diflTorent cause, — and the water then 
shines in a uniform manner, i.e. everywhere witi 
equal intensity: if it be passed through a filter it 
continues to shine as before. These facts prove 
clearly that this singular phosphorescence is not 
owing to any luminous animalcules. 

Water that has heen rendered luminous by 
dead fish loses its transparency, becomes milky, 
and acquires a repulsive odour; in the space of 
four or five days it ceaaea to be luminous. 

Hulme, who haa made numerous observations 
on. this particular case of phosphorescence, says 
that the luminous greasy sabatance of the herring 
soon loses its phosphoric properties in pure water. 
Alcohol, acidsj and alkalis also prevent its shining-. 
Common salt and honey appear, on the contrai^, 
to assist this phosphorescence. Sometimes alaOi 
when the latter has been extinguished by 
means or another, it can be brought back ag 
thus, in one of Hnlme's experiments, twenty-foui 
grammes of sulphate of magnesia, dissolved in 
twenty-one grammes of water, and mixed witb 
the luminous substance of the mackerel, com^ 
pletely extinguished its hght; but if to this mix- 
ture six times its volume of water were added, it 
became luminous again. The same observer also 
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remarked that the quantity of light produced in 
phosphorescent putrefactions diminishes as the 
process of putrefaction itself advances. 

Cold prevents the phenomenon of phosphores- 
cence in dead fish, hvi^ only temporarily, for the 
light bursts forth again with its usual intensity as 
soon as the temperature becomes milder. It has 
been also seen that this phosphorescence is ac- 
companied by no production of heat in the parts 
which shine. We have already noticed this fact 
in the mineral and in the vegetable world, and we 
shall notice it again when speaking of luminous 
animals. BoiUng water and high temperatures 
destroy the phosphorescence which occupies us 
here. 

I have myself proved the exactness of most of 
the above facts whilst studying the body of a dead 
stockfish {Baya) in a luminous condition. In a 
short note published in the ^ Comptes-Rendus^ of 
the Paris Academy of Sciences for 1860, 1 have 
shown by direct chemical experiment that no phos- 
phorus can be found in the luminous grease which 
shines upon fish. I was at first inclined to attri- 
bute their phosphorescence to the presence of 
some microscopic /t^ngri, but at present I am more 
inclined to believe it is owing to some peculiar 
organic matter which possesses the property of 
shining in the dark like phosphorus itself. 

The bodies of other marine animals shine after 
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deatlij none perhaps so vividly as that of the ThoXoi, 
a mollusk well known to those who reside on the 
eoast. That this mollusk was luminous after death 
was known to Pliny, who said that it shone in fl 
moutha of the persons who ate it; and ( 
the modems, B^aumur, Beccaria, Marsilius, Galea 
tuB, and Montiua have studied its phoephor 
cence. 

Beccaria had the curiosity to ascertain tow 
the light of putrescent fish, and that of the dead 
pholas, affected different colours, and for this pnr- 
poBe he placed in the iijfht emitted, pieces of dif. 
ferent coloured ribbons. The wldis came onl 
brightest, next to that was the yeJImv, and theO 
the green; the other colours could hardly be per; 
ceived. The same experiment was repeated, with 
similar results, on trying coloured hquids in glaffi 
tubes. We have here then another instance of the 
predominance of ijell&w tints over the others i 
cases of phosphorescence. Indeed Sir Isaac New 
ton, who first decomposed light into the t 
rays of the spectrum, says, " The most Ivminoa 
of the prismatic colours are the yelloui and t 
oraiige ; these affect the senses more strongly thai 
aU the rest together." 

These experiments of Beccaria were made chiefly 
with the Pholas. A single pholas rendered e 
ounces of milk so luminous that the faces of per 
SODS might be distinguished b-^ ii, aad it \<y:Ha 
as if transparent. 
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Beccaria and Eeaniniir made many attempts to 
render the luminosity of the pholas permanent. 
The best result was obtained by placing the dead 
mollusk in honey, by which its property of emit- 
ting light lasted more than a year ; whenever it 
was plunged into warm water the body of the 
pholas gave as much light as ever. 

Galeatua and Montius showed that vinegar and 
w^^e extinguished the light of the dead pholades; 
that a heat of 46° Reaumur (56° centigrade) ex- 
tingnished this hght, though it had increased in 
intensity up to that temperature, and that it could 
not afterwards be brought back again. 

Many other less remarkable experiments have 
been noted by the above-named authors. 

Moat saltwater fish become phosphorescent in 
the dark, like those mentioned above ; and con- 
cerning those which inhabit fresh water I have 
heard it stated that the ovaries of the carp have 
been seen in a phosphorescent state. 

Mr, Canton has observed that several kinds of 
river fish conld not be made to give light in the 
same circnmatances in which sea-fish became lu- 
minous, but that a piece of carp made water very 
luminous, though the outside or scaly part of it 
did not shine at all. 

In 1672 Boyle published a paper in the 'Philo- 
Bophical Transactions,' containing observation a 
D ahinipff flesh. Ho treats in t^s ^o^t c.^ "iwa 
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phosphorescence of a neck of veal, which shone k li 
more tlian twenty places, as decayed wood or ptibn' fe 
fying fish do, lir 

In ] 838^ M. JuUa de Fontenelle related in lis I 
^ Journal des Sciences Physiques et Chimiques,' In 
a curious case of phosphorescent light observed In 
upon the dead body of a man. Such cases of lii 
phosphorescence are not unirequent in disseddng Ik 
rooms^ but often escape observation^ as neither Is* 
students nor professors visit these roonas at nigH n 
and when a person does happen to enter them Ik 
after dark^ the light he carries in his hand is too |c 
powerful to allow him to perceive the phosphoric 
radiations which often emanate from fragments of 
dead bodies lying about. 

As this chapter is devoted exclusively to the 
phosphorescence of animal matter which has lost 
its vitaHty, I have reserved certain observations 
concerning evolutions of light by living subjects 
for a future one. 

All the observations we possess regarding the 
nature of the light emitted by dead animal matter 
coincide with those of Eobert Boyle, published as 
stated above, in the year 1672. When all the lucid 
parts of the shining neck of veal were surveyed 
at once, they made, he tells us, " a very splendid 
show.^^ By applying a printed paper to some of 
the more luminous spots, divers letters of the title 
could be distinguished. But notwithstanding the 
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■vividness of the light, it did not yield the least 
degree of heat appreciable either to the touch or 
liy the thermometer. 

Boyle was often disappointed in his experiments 
made with a view of obtaining shining flesh at 
will. The luminous neck of veal was observed on 
the I3th of February, 1C72, by one of his servants. 
Suspecting that the state of the atmosphere had 
something to do with it, he carefully noticed that 
the wind was south-west and blustering, the air 
hot for the season, the moon past its last quai'ter, 
and the mercury in the barometer lit 29-j%- inches. 

The first distinct account that I meet with of 
light proceeding from putrescent flesh is that 
which is given by Fabricio d'Acquapendente, who 
says that when three Roman youths residing at 
Padua had bought a lamb and had eaten part of 
it on Easter-day, 1592, several pieces of the re- 
mainder which they kept till the day following 
shone like so many candles when viewed in the 
dark. Part of this luminous flesh was sent to Fa-> 
liricio d'Acquapendente, who was then Professor 
of Ajiatomy in Padua. He observed that both the 
lean and the fat shone with a white kind of light, 
and that some pieces of kid's flesh which had lain 
ill contact with it were luminous, as well as the 
fingers of the persons who touched it. Those 
parts shoue most which were soft to the touch, 
and which appeared more or less troaslut^i ^ Vcti. 
held before a, lighted candle. 
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The next account of a similar appearance waa 
described by Bartholin, the celebrated Danish 
philosopher, as seen at Motitpelier in 1C41, 
poor woman had bonght a piece of flesh in tJw 
market, intending to make use of it the day fol. 
lowing; but happening not to sleep well that 
night, and her bed and pantry being in the Bams 
room, she observed so ranch light come from 
fleah as to illuminate all the place where it hong 
This flesh was shown to many persons as a 
osity, and kept till it began to •pnt-njy, vshei\, ^ 
li^hi vanished. 

After these come Boyle's observations alluded 
to above. 

It has often occurred to me that this singulal 
production of light in dead animal matter precede 
jmtref action ; no disagreeable smell is observf 
until the luminous appearance haa lasted bodw 
time. Boyle was also aware of this, for he sayi 
" Notwithstanding the great number of Inoi 
parts," referring to his neck of veal, " not the lea 
degree of stench was p^cewable to infer a/)iy 



Water does not destroy the phoaphoresceiice 
dead animal matter ; but alcohol, acids, etc., bw 
extinguished it. According to Boyle'a experi 
ments, a piece of shining flesh shone less, bnt ( 
not lose its light, when placed in the eshanst 
receiver of an aar-pumij ■, " but " he adds, " 
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liasty increase of light that disulosed itself in the 
veal upon admitting the air into the exhauated 
receiver, it appeared that the decrement, though 
slowly made, had beeu considerable." The lumi- 
nositj of flesh generally lasts about four days, 
after which putrefaction seta in rapidly. 

A peculiar mucilaginous substance, or mueuB, 
is sometimes seen about spring, on the damp 
ground near rivulets or stagnant poola in the 
fields, which, from the circumstance of its being 
occasionally phosphorescent at night, has been 
regarded, since the middle ages, as having some 
connection with shooting stars. The Belgian pea- 
sants call it " the substance of shooting stars," 

I have sketched the history of this curious sub- 
stance in the 'Journal de Medecine et de Pharraa- 
cologie' of Bmselles, for 1855. It was analysed 
chemically by Mulder, and anatomically by Cams, 
and from their observations appears to be the pe- 
culiar mucus which envelops the eggs of the frog. 
It swells to an enormous volume when it has free 
access to water. As seen upon the damp ground 
in spring, it was often mistaken for some species 
of fungus; it is however simply the spawn of 
irogs, which has been swallowed by some large 
crows or other birds, and afterwards vomited, 
from its pecuUar property of swelling to an im- 
mense size in their bodies. From the fact of this 
I iDUcilaginous matter having been Gomeiti'ine^ t^iVi- 
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served in a luminous state at nighty the Dutdi 
and Belgian peasants imagine that it has been 
dropped upon the ground by some passing shoot- 
ing star ; and in Mulder's account of its chemical 
composition, given by Berzelius in his ' Bapport 
Annuel' (French edition), he distinguishes it by 
the designation of " mucilage atmosph^rique/' 

My attention was called lately to a case of lumi- 
nous urine, observed by a friend of mine, in 1859, 
during a warm summer in Paris. It was observed to 
shine with a slight phosphoric light when stirred. 
I was at first inclined to attribute this to a phe- 
nomenon of reflection, but I find that the same 
fact was observed many years ago by two well- 
known medical men, Reiselius and Pettenkofer, 
one of whom witnessed this phosphorescence in 
November, and the other in March. It appears, 
therefore, evident that urine may become lumi- 
nous in certain circumstances with which we are 
not acquainted. The old chemist Lemery has, 
moreover, remarked that urine is sometimes phos- 
phorescent. 
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CHAPTER II. 

EMISSION OF LIGHT BY INFERIOR ORGANISMS. 
PHOSPHORESCENCE OF THE SEA. 

I SHALL now enter upon the subject of Phosphoric 
Animals; Le, of the phenomenon of phosphorescence 
in living cmimal organisms. And in the first place 
I shall draw attention to a curious fact. With the 
exception of a few more or less doubtful cases, to 
which I shall allude at the end of this part of my 
work, the faculty of producing light seems, in the 
animal world, to cease with the class of insects. 
But, on the other hand, from insects downwards, 
there is scarcely a section of the animal world but 
which frimishes us with some self-luminous beings. 
Thus decided cases of phosphorescence have been 
and are frequently observed, in Infusoria, Bhizo- 
podes, Polypes, Echinoderms, Annelides, Medusce, 
Tunicata, Mollusks, Crustaceans, Myriapodes, and 
Insects. 

It would indeed require volumes to describe 
each luminous animal belonging to these numer- 
ous tribes. I jshall not attempt it Taax^^Wt 1 
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ahatl call attDntion to the moat remarkable ^, 
them. Their zoological descriptions, j.e. their 
nature and habits, can be found in other works. 

A vast namber of these inferior organisms 
render the waters of the ocean luminous in every 
latitude. The little beings classed in the geaiu 
Nocliluca, which resemble the larger kinds of In- 
fusoria, but belong in reality to the cla:S3 of Bhiio- 
jioJes, play an important part in the illumination 
of the sea. Polypes, Medusw, a whole host of In- 
fusoria, some Wottos, and some small Cr'istaccaiu, 
contribnte also to the beauty of this phenomenon. 

In the years 1749 and 1750, Vianclli and Gris- 
ellini, two Venetian naturalists, discovered in the 
waters of the Adriatic, considerable quantities of 
an animalcule evidently possessed of luminous pro- 
perties. They immediately attributed to this sin- 
gular being, the cause of the phosphorescence of 
the sea, a phenomenon which to that day had re- 
mained a mystery. This animalcule received from 
Linnseus the name of Nereis noctlliica. 

lu 1776, Spallanzani was made aware of the 
self-luminous properties of a Mediterranean blub- 
ber, Fellayia pltofphorea, and at the commence- 
ment of the present century Viviani made known 
the following fifteen species of phosphoric animals, 
Asterias nocHlvea, Cyclops exiUen,s, Qwm/manit 
rmtdisetuti, 0. hitgicomis, G. tnmcatus, Q. Iiet&rtk 
elitua, 0. crassimanvs. Nereis mueronata, N. radi' 
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I IJumbricue hirtieauda, L, simpliciBsimus, Pla-'t 
ia retusa, Brachd/u/rus quadruplex, aniSpirogra^.i 
s Spatlnnzati U. Some of these were fonnd off thea 
at of Genoa in 1805, Scoresby and Ririlie s 
Dgnized other phospl orescent species, wHch^ 
J dredged from the ocean in their voyagf 
carfcney made known, in 1810, the luminous 
■lusa "ciidlllans, M. ludda, and another curious 
le teing closely allied to Mednaee, called Beroe 
Ifns. Peron and Leaueur, in their voyage from, I 
rope to the Isle of France, discovered the Pyro^ , 
^Atlmitlca [fig. 12 : 1, the entire animal mag- 1 



B-; 2, the phosphorescent surface of the body, 
gnified 300 diameters), one of the most curioaa 
animals. It belongs to the tribe of Taniccdaj 
■h individual resembles a minute cylinder of 
wing phosphorns ; sometimes they are seen 
lering together in such prodigious numbers, 

K ocean appears as if covered mlV a.'o. en^it- 




I 

I 
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moas layer of shining phosphorus or molten lava, 
These singular prodact.ions of nature are met with 
between 19° and 20° of longitude east of Paris, 
and 3° and 4° north latitude. 

The no leas curious animala belonging to 
genus Sitljia {iig. 13, Snlpa crwfala: 1, an ; 
lated individual; 2, five Salpa united as the) 
swim), also classed in the Tmiicata, abound in tk 




Mediterranean and warmer parts of the oceant 
They are often phosphorescent. They also swim 
adhering together in vast numbers ; their phoa 
phorescenoe resembles the light of the moon 
the still waters, and they give rise to what is term© 
by the French a mer de ttiit, ov sea of milk. 

Sir Joseph Banks, in his voyage from Madeir 
to Eio Janeiro, discovered the little crab Cancer 
fidgens, a species said to be very phosphorescent. 
In nearly the same latitude that this discovery 
was made. Medusa pelluc.ens was met with; it 
phosphorescence is described as 
Hash of lightmng. 




BY IlfFESlOR OROANISSfS. 

In 1810, M. Suriray showed that t 
resoence of the sea in the EngHsh Channel was 
owing exclusively to Noctilu.ca miliaria, a very mi- 
nute Rhizopode, which has aiace been studied by 




M. de Quatrefages, of Paris, and Dr, Verhaghe, 
Ostend. {Fig. l4,NoctUuca.milmri»,\ \^"^<i.' 
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UgUf nagnSed; 2, len magnified; 3, as a 
with B ptKket less on the sni&ce of « glan cf 
water; 4, m ttcy deBoend through the •mtetj 
glowing with fAoeidKsescent li^t, when tie 
glass is shaken.) 

In the jeax IS30, Michaelia, a distingciahej 
professor at Kiel, was, according to Htimboldt, 
first to make known the existence of Phogpkone 
In/utoria. He first obeen'ed the phenomenon 
of phosphorescence tn a species of the genns 
PeridmiuM [Sg. lb), a ciliated animalcule, and 




Kg. IS. 

afterwards iu Pr<n-oceitirum micavs,* and i 



the I 



* It IB exceedingly probable that this animalcule vdll be placed 'I 
among tlie Rbizopodes; and the same remarlc maj appi; U 1 
mnnj now-called In/umria. In this microscopic dais of ani- I 

at it undergoes treth investigationB, the speoiea itr 

tinntillj being remoTed and placed in higher genera, families oi 

'issea. Thus the Rotiffra are now chused among the Amielidee. 
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Rotifer which he has naiaed Sijnehata Bdltiai, 
indicating that it is found in the Baltic Sea. 
The naturalist Focke has since found this re- 
markable little being in the lagune of Venice. 

Ehrenbei^ has described the following species 
of aelf-luminous Infusoria existing in the Baltic : 
— Prcrroeentruminicans, an oval-shaped animalcule 
with a long cilium, and containing many trans- 
parent nacleoles (fig. 16) j Feridhdum, Mkliaells, 




P.inicans, P.fiisus, P.furca, P.acumiiiatum,, 
chata Saltica, and a species of Stentor (S. ijweits?) 

Periiliniivm, Michadis (fig. 17), named after the 
distinguished naturalist already alluded to, is not 
unlike a very minute Florence flask filled with 
plnms, standing upon two legs, and liav- 
ing a ciliated belt round its m.iddle. It 
is perfectly invisible to the naked eye. 
The other species are very odd-look- 
ing creatures, which it is impossible to 

iscribe here. ^*' "• 



« 
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The interesting SytirJiaia Baltica (fig. 18) te- 
longB to the tribe of Hydatinea, of which many 
individuals are common in our ditches and stag- 
nant fresh waters. 

The largest of these phosphorescent Iniiisom 
described by Ehrenberg, are about one-eighth ot 
a line, the smallest are from a fortiy-eighth to 
a ninety-sixth of a line in size. They offer a 




magnificent spectacle when placed under the 
croacope in a dark room. 

Ehrenberg has likewise studied ceriiain species 
of Photorha/is, marine animalcules which resemble 
Nereis among the worms ; and, when seen under 
the microscopOj appear like minute stringa of 
lighted sulphur. The phosphoric light they emit 
is of a greenish-yellow, aimilaitotbat oCtha 
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mon glowwonn. Oeeana hemisj'htErka, anothei" 
minute creature deBcribed by tbe same naturalist, 
appears " envelopod with a shining crown." 

At the present day it appears doubtless that 
certain small crustaceans are occasionally phos- 
phorescentj especially the species Cancel- fulgens 
already mentioned, and Cyclops quadriconvia. 

Many mollusks have also been seen to shine at 
night, especially certain Fholades which bore into 
ships, etc., and, according to some authors, cer- 
tain terreBtrial species. Concerning these mol- 
luaks, it is well known that they shine intensely 
after death; but do they shine when alive? I have 
not been able to solve this query. The other ani- 
mals alluded to have been frequently seen, and 
many of them by myself, in a shining condition 
during life. 

^Rlie different species of Cefilialopoda which live 
near the shore, and some Pteropoda, have been seen 
to be self-lnminous. The same may be said of the 
curious organisms called Bijihores, Dy^hises-, P/tij- 
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aalia, Salpa, certain Nereiih : and among the Star- 1 
fish (Asterias], 1 should mention the Ojiliiui 
Sand-atar.s. 




Medusce (figs. 19, 20, 21, and 22) and Oyat 
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f^ree, and so do many polypes, ench as the Penna- 
fyila, known to naturalists as the Phosphorescent 
Sea-pen, and in French as Plumes de mer. Some 




species of VereUlla and Virgularia (Sea Rush) are 
known to be self-luminous. The thick branchy 




Aleyonidium gelaiinosum (fig, 23), which is only 
found attached to rocks situated in deep water, 
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has been remarked to emit phosplioric Kght at oer- ' 
ain seasons of the year.* 

Among the Ehizopodea, the species named b 
Ehrenberg Muminarui 8cmtillan», now 
known as NociUura miUwns, which is never larg€ 
than the head of a small pin according to Hmn-l 
boldt (I never saw one half so large),, " offera to-M 
the microscopical investigator of Nature, the mag-f 
nificent spectacle of a starry firmament reflected ^ 
in the sea." Humboldt tells ns, in one of hia ' 
works, that his body has remained Inminona for j 
an hour together, covered as it was by Nortiluea, J 
after bathing in the waters of the Pacific. 

Nodiluca miliaris is very common in the Eng- 
lish Channel ; and I have found this species in suet 
prodigious numbers in the damp sand at Ostend, 
that on raising a handful of it, it appeared hke so 
much molten lava. 

In the year 1 854, the numbgr of marine ai'i ntln 
known to be endowed with phosphorescent pro- 
perties during life, amounted to upwards of a 
hundred distinct species, all invertebrata. 

MM. Edoux and Soulezet, two French natu- 

• It wouj^ certainly be iiitereating to introduca some of thewl 
luminouB anmiala into the murine aquariums irhich are mudi« 
in Togue at present. For my own part, I have often been di 
lighted with the phosphorescent spectacle aomeof thompi 
B small flasli. The species figured in the text are perhaps u 
the more worth; of notice in this respect, Tiz. fig. 19, Tha 
pUatella; Sg. 31, Cydippe pilea» j %. 23, Sen 
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ralists, who made a scientific voyage round tlie 
world in the abip ' La Bonite,' obHorveil that cer- 
tain small phosphorescent Crustacea sometimes 
secrete a pecuhar phosphorescent m.atter, and 
that when they are irritated, they send forth mag- 
nificent flashes of light. Other crustaceans did 
not appear to possess this faculty. These two 
gentlemen coUected a certain quantity of the 
phosphoric substance; they found it to be "yel- 
lowish, viscous, and soluble in water," communi- 
cating its luminous property to this liquid, but 
only for an instant or two. It lost its luminosity 
wlien it had been separated for a few momenta from 
the body of the animal. 

These naturalists have also observed the phe- 
nomenon of phosphorescence in certain Pteropoda 
and Cephalopoda ; they beheve that these animals 
possess a pecuhar phosphorescent substance like 
that of the Crustacea, which, from their observa- 
tions, appears to be continuously and uniformly 
luminous as long as the animals hve, but ceases 
to be so when they die. 

When the phosphorescent Infusoria, of which 
I have spoken, are exhausted and cease to omit 
any light, their luminous faculty can be restored 
fop a while by exciting them with a drop of dilute 
acid or alcohol mixed with the sea-water ; but 
this experiment soon kills them. 

Humboldt affirms that having -placed. certKv^ " 
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Mednase upon a tin plate, lie observed that wla 
ever he struck this plate with another metal, ik 
shghtest vibrationB of tbo tin were sufficient 
render the animal completely Imninoua ma 
consecutive times. It has been observed also tl 
these Medusffl emit a more intense phosphor 
cence when they are placed in a galvanic circui 
but the electric current must not be too powerft 

The experiments undertaken by M. Suriray 
Havre, by Professor Ehrenberg at Hehgoland, I 
M. de Quatrefages at Boulogne, and by Dr. Ve 
ha^he at Oatend, have added considerably to oi 
knowledge of the emission of light by NoetUuca. 

All mechanical or chemical agents that brin 
about a contraction of itssiie in these animalculi 
excite their phosphoric quality. A drop of wea 
acid or alcohol, a shock given to the glaa 
which contains them, immediately renders ever] 
individual luminous, if a few teaspoonfuls fl 
Nocfihica be collected npon a filter, the light thq 
emit is powerful enough to enable us to read at 
distance of nine inches and a half. When th( 
bulb of a small and very sensitive thermometer 
plunged into this httle heap of NoctUtica, it 
found, that although these small beings are in fd 
life, not the slightest elevation of temperature i 
be observed during the emission of their light. 

A curious observation has been made by Pro 
ir Ehrenberg. By submitting his "Mam 
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maria" {Noctiluca) to a maghifying power of 
thirty diameters, he saw some of them become 
brilliant on one part of their body only, others on 
many points, and others again on their whole 
surface. On increasing the magnifyiag power 
froni sixty to one hundred and forty diameters, 
more and more brilliant points became luminous. 
The light seemed concentrated in them, whilst 
the homogeneous luminosity of the animalcule dis- 
appeared. Bhrenberg considers these brilliant 
points to be so many light-emitting organs. 




CHAPTER m. 

PHOSPHORESCENCE OP THE EABTHWOEM. 

Ih the year 1840 M. Forester wrote to the Aca- 
demy of Sciences at Paris, stating that doring b 
dark rainy night he had seen a, great number of 
humhrics, or earthwofms, shining with a white 
phosphoric light, which ho compared to that of 
iron heated to a white heat. 

When this letter was commnnicated to the Ai 
demy, the distinguished naturalist M. Audouinj 
rose and said, that to bis knowledge no authen-j 
tic case of phosphorescence in earthworms had! 
ever been made known, but that he could* cite 
numerous cases where these worms had been mis- 
taken for Scolopen^a, some species of which are 
known to be phosphorescent. 

Upon this occasion M. Dum^ril, lately one of 
the greatest ornaments of the present Institute 
of France, said that he happened to know of two 
very authentic observations, emanating from two 
eminent naturaliatSj concemm^ 'Cfie ftMwasvsvi »S. 
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ligtt by eartliworms, properly so called {Lumbn- 
cus] ; the first of these was made by Flaugerguea, 
who had observed the phenomenon of phospho- 
rescence in Lumhrics for some years consecu- 
tively, and always in the month of October ; 
namely, in 1771, 1775, and 1776. Flaugergues 
bad, moreover, remarked that the light was 
emitted principally from that portion of the body 
in which are situated the external organs of re- 
production. The second observation is owed to 
the naturalist Bruguiere ; his note, which was in- 
serted in the ' Journal d'Hiatoire Naturelle ' (vol. 
ii. p.2C7), is entitled " Sur la Quality Phosphoriqoe 
du Ver de Terre en certaines circonstances." 

Since then, M. Audouin himself baa been con- 
vinced of the fact by some curious obaervationa 
made known to him by Profeasor Moquin-Taudon, 
one of the present membera of the Academy of 
Sciences. These observations are well worth re- 
cording. 

The last-named navaiit, together with M. Saigey, 
remarked one warm summer evening in the year 
1837, a number of small phosphorescent animals 
in a garden-walk at Toulouse. Both M. Saigey 
and M. Moquin-Tandoo ascertained positively that 
these animals belonged to the genus Liiwhricus. 
niey were from forty to fifty millimeti'ea long. 
The light with which they shone was nearly white, 
and resembled that of a tar o? vccmVe^V^&.'Wi^ 
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white teat. Wlenoneoftheaeworms was trodden I, 
upon and crushed, the phosphorescence spread 
out upon the ground, producing & long train of 
light, as if the earth in this place had been streaked 
with a piece of phosphorus. 

Each of these Lvmbrics was remarked by their 
ohservera to have a well- developed cUtellnm, which 
proves that the worms under inspection were adults 
and that it was their period for coupling. M. 
Moquin-Tandon preserved some of these worms 
for many days, and observed that their luminona 
property resided in the sexual swelbng or eUtellitm, 
and that their phosphorescence ceased immediately 
after copulation. 

The editor of a French periodical,* in which my 
brochure on Phosphorescence was reprinted with- 
out my consent soon after it appeared in France, 
received shortly afterwards a letter, dated 18th 
November, 1858, and signed M. Adrien, of Pont 
Saiut-Esprit, in which the writer declares that, 
having read my papers, the paragraphs which 
treat of the phosphorescence of Lnnilmcs had re- 
minded him of au observation he had made about 
three years ago. 

" One summer's night after a rainy day," saya 

the writer, "I saw the ground sparkling with a 

whitish phosphoric hght whilst sprinkled with 

warm urine, and I recognized at the same time 

* < L' Ami dM fioieaoeB.' '£axi&,'\Ks&. 
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tte presence of numerous small worms, . ■ . The 
phenomenon was so curious that I took up some 
of these worms and carried them into the house to 
examine them by the light of my lamp. I imme- 
diately recognized them to be small Lumbrics, 
about fifteen miUimetres long. Returning again 
into my garden, with a lantern, I saw at the same 
place many Lnmhrii-^ crawling upon the ground 
with their usual slow and regtilar mode of progres- 
sion. But they showed no light ; and when the 
lantern was put out, their presence could not be 
recognized. But as soon as they were in their 
turn sprinkled with warm urine, the phosphores- 
cence of their entire bodies shone forth and illu- 
minated their wriggling movements." 

The writer of this letter says he has since re- . 
peated the experiment many tiniea, and he asks 
if the phenomenon ought to be attributed to the 
saline matter contained in the urine, or if the 
warmth of this liquid is alone necessary to oc- 
casion the phosphorescence of L/umhrics. This 
might have been easily ascertained by using pure 
warm water in the experiment; hut the author 
of the letter apparently did not think of it. His 
observation, as we have given it in his own words, 
tends to prove that violent muscular contraction 
excites au increase of phosphorescence in the 
earthworm as in the Nociiluca mentioned among 
^jiguJs in the preceding chapter ■, ani "O&b 'wuA. 
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concemin^ the earthworm'appeara to have 
observed by M. Vallot, of the Academy of II 
as, early as 1828. I iDay add herCj that I disti: 
remember witnessing, when quite a child, 
phosphorescence of the earthworm; the 
appeared connected with the slimy matter 
covers the animal's body. It was whilst dig 
at nightj in a large danghill, for worms to si 
baits for a fishing excursion that my schoolfe 
and myself turned up many hundred Lnmhr. 
a highly luminous condition ; hut I cannot r 
lect in what month this happened. 
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11 known .that the centipedes be 
Bgenus Scohpnidro, and the class of J 
esent us with at least two a elf- luminous species. 
In common with the earthworm, Scohpendra 
ait phosphoric hght of a greater intensity at the 
ne when the functions of reproduction are about 
be performed. 

We must register here another anecdote : — 
Oq the ISthof Angustj 181 i, ahout nine o'clock 
the evening, some persons came to M. Audouin 
Choissy-le-Roi, near Paris, where he was pass- 
g his vacations, and called his attention to a 
irions fact. They had aeen, they said, an im- 
ense number of " earthworms" in a chicory-field 
)t far distant, and these " worms" shone with a 
^ht that could only be compared to that of a 
ece of coal white-hot. One of these was brought 
I a flowerpot to M. Audouin. It was evidently 
^h-kj ibut, at the same time, V)[i\a TixwmbTWi 
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was not phosphorescent. All present were grea 
surprised, and so was M. Audooin, when 
latter, removing some eavth from the flowerpot,* 
soon discovered six small Scolopendra belongingll 
to the species 8. ehctyir.a of Linnaeus. Tlietf|i 
phosphoric light was indeed vivid enough. 

Going afterwards into the chicory-field, 
Audoain observed this phosphorescence on I 
grand scale. At first he saw only a few atrea 
of light upon the soil ; but, having ordered somj 
of the earth to be dug up, the spectacle that ppa 
sented itself was truly magnificent. The i 
heaved soil appeared everywhere sprinkled wilB 
phosphoric radiations, and if some of it we 
den upon or rubbed between the hands, 
of light were produced which remaiued visible fwl 
eight, ten, and twenty seconds. 

Many persona have witnessed the lum 
phenomenon of 8. eiedriea, and their observatioiffl|il 
coincide precisely with those just related. 

Scolojiendra, ehdrica (fig. 24) and 8. phospko 




are the only two species that 
tainty to be bigUy 



known with ow-B 
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probable tbat future observations will furnish us 
with others. The S. electrlea of Linnaeus is not 
uncommoii in England, Belgium, France, etc. 
Its light is seldom seen, in conaequence of its ha- 
bit of living in holes in the soil ; but it is some- 
times to be met with in outhouses or crawling 
along some secluded pathway, leaving a track of 
phosphoric matter behind. It is about an inch 
and a half long, its diameter being scarcely more 
than one-tenth of an inch ; its colour is a dusky 
brown, and its legs, which are one hundred and 
forty in number (seventy upon each side of the 
animal's body), are of a yellowish hue.* 

We know very little of iS. jiftospAoreT, which 
appeal's to be a native of Asia. 

Some authors state that N. elentriea is only 
phosphorescent when in motion, and tbat its light 
cannot be discerned when the creature ia at rest ; 
it is particularly brilliant, however, when the ani- 
mal ia disturbed or irritated.f 

Macartney has made some extremely curious 
observations on the phosphoric properties of our 
English Scolujieiidm. It results from his re- 
searches that the S. eln;lrica is capable of secret- 
ing a luminous fluid (like the little Crustacea ob- 
Berved by Edoux and Soulezet, as I have already 

■ I have alreadj alluded to the yelliyw colour b« boing appa- 
rently BO intimiitely connected witli phoaphorie ^liooomcwiL. 
f Wb hate seen that this is the case Witt Hootiluco. 
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noticed), and that this fluid can be communicati 
ty the centipede to every part of ita tegninei 
He has remarked also — and his observation h 
since been confirmed by Kirby and Spence — th 
this fluid can be received upon the hand, where 
will remain luminous for some seconds. But 1; 
most curious of Macartney's observations is thia 
he believes that this peculiar luminous substan 
of 8. electrka does not shine in the dark nnlj 
it has been previously exposed to the aolaj- ray( 
This is certainly a remarkable observation, st 
if it should be confirmed by future inveatigaticd 
it will constitute a very important feature in ^ 
phenomena of animal phosphorescence. "We m 
see presently that a similar observation has be 
made with regard to the phosphorescent substaq 
of a luminous insect belonging to the genns X 
pyris. 



CHAPTER V. 

PHOSPHORIC INSECTS. 

Phosphorescence has been observed with cer- 
tainty in a considerable number of insects belong- 
ing to the numerous family of CoUoptera, and in 
some belonging to the family of S&impiera. We 
possess also some doabtful observations of this 
kind regarding certain Lepidopterti and Ortko- 
ptera. 

First among lominoua Coleoptm-a I must men- 
tion the genas Lwmpyris, to which belong our own 
Glow-worms {Vere-lwUants or Lom/pyres of the 
French) . 

There are many species of Lampyris, No in- 
sects, perhaps, have given rise to more poetical 
sentiments among English authors, some of whom 
have termed them " stars of the earth," " dia- 
monds of the night," etc. : pseudonyms they owe 
to their faculty of emitting a tranquil phosphoric 
light, by which they illuminate and decorate our 
h^gebanka on £ne summer mg\i.ta. ^ot, '■&■«% 
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examine them in tlia daytime, these insects, aa 
every one knows, are not characterized by any 
extraordinary feataro, nor do they astonish na by 
their beauty. 

Lampi/rU noctiluca (fig. 25) ia the species 
abundant in Rnplnnd, Beiginm, Germany, and tio 



1 



f 




north of France. We all know it well. We have 
all admired it silently shining on the fresh green 
sward of the country, and we all value this insert 
for the agreeable souvenirs which it calls forth a 
we contemplate its soft light. These little abiriiTi g 
beings remind us of our younger days. They 
were shown to us in our early childhood, an 
have been taught to look upon them as something 
mysterious. " Those sparks in the grasa, what ai 
they? Insects! But the light!" How often 
have we not heard sncli questions. Or this, again: 
"Tell me, then, — you, a philosopher, — what is it, 
definitely, that produces the light of the gIoir*l 
worm ? " To which we caa only reply, " Thow 
sparks in the grass \iave excA^i ^!n.ft ^i^isjasiaJOTft. 



PHOSFBORIC INSECTS. 137 

ness of philosophers, no less than the curiosity of 
children ; but that which is a mystery to the latter 
is still a secret, or nearly ao, for the others." 

Lumpyris Keinvptera is a rarer insect with us, 
lint it is met with, nevertheless, now and then. 
It ia black and small, its body being rather elon- 
gated, its elytra or wing-cases conical, and the 
extremity of its abdomen yellow, 

Lampijrw italka, both sexes of which are 
winged, — which is not the case with the two fore- 
going species, the females of which have no wings, 
— sheds a veiy brilliant light ; it inhabits Italy and 
Southern Europe, but has been accidentally met 
with in England and Belgium. Lampj/ns splendi- 
diiJa and L. maurilimita are found in the South of 
France, and L. torusea in Russia. 

An error, that has become popular, has held 
ground regarding glow-worms. It has been 
stated and persisted in, that the malex of the dif- 
ferent species of Lanqiyn's have not the faculty 
of emitting light. Now it has been shown long 
ago that this opinion is inexact. An English na- 
turalist, Hay, was the iirst to observe that the 
male of our L. noctUuca shone in the dark, Geof- 
froy afterwards found that this male insect has 
four small Imninoiix points, two upon each side of 
the abdomen : and Miiller confinned his observa- 
tion. The male insect of L. i^plendiJula and that 
o^i. hem!j)tera show a very \)nitaii\j \i^^ Veis;^. 
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they fly. However, both the males and femalea 
of glow-worms possess the faculty of extinguish- 
ing or emitting their hght, seemingly at will. 

The light of the females ia emitted from the 
last three segments of the abdomen. On the last 
segment of all we 6nd, in L. Tioctiluca, two small 
luminous points, more brilliant than the rest of 
the segment. The light of L. italica ia very 
bright. Both sexes fly, and these insects are not 
uncommon in Italy. Whilst flying through the 
evening air they produce a very pretty effectj at 
first sight, the stars appear to be moving about in, 
ail directions. We are told that it was formwly 
a custom among the Itahan youths to decorate 
the hair of their mistresses with these " diamonds 
of the night," which were probably less expensive 
than pearl necklaces, and evidently surpassed the 
brightness of the mineral diamond. 

We know that the light of glowworms is trans- 
mitted to us directly from the body of the insect, 
for it does not possess the properties of reflected 
light. It has been remarked, that the light of i. 
Tiodil-uca ia refracted like that of the sun or the 
stars, when it passes from one medium to another 
of greater or lesser density. But it has never 
been analysed prismatically, so that we cannot say, 
at present, whether it is possessed of any peci 
properties.* 

* In 1608, Wolluston discoTcred what are called the dari 
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Matteucci haa made a nnmber of experimenta 
upon LampyrU italiea, with a view of proving 
that tlie phoaphoreacence of the glowworm ia a 
phenomenon of combuation ; and, however erro- 
neous this opinion may liereafter appear, M. Ro- 
berta had ah-eady profeaaed it as the result of hia 
own esperimenta a year before M, Mattencci. 
This part of my work ia not devoted to the dia- 

□f the solar spectrum ; twelve jeara aCteFnnrdB Fraunhofer de- 
temuDed the poBition of these lines, which are simplj breaks or 
interruptiona in llie coloured Bpeotrum, witli great accuracy. 
WbenpTer light cornea from the Baa, us solar light, aa planataiy 
reflected light, as lunar Ught, or as light rellected from the clouds, 
tlie number and position of these lines are the same. But when 
light comes from other Bourcea than the Bira — from otlier suns, for 
instance, from the star Siriui — these dark lines of the spectrum 
diSbr. Wc Gud that the dark lines in the spectrum of Sirim 
differ from those of Collar or from those of our Son. This dif- 
ference, which was first indicated by Fraunhofer, was afterwards 
confirmed by Professor Amici, who also showed that in Bied 
slArs tlint have an equal and perfectly white light, the dark lines 
are not the same. We also know that the tpecifie ehoraeler of 
the source of light, i.e. its nature, has an infiuoDce upon these 
lines of the spectrum. Thus the light of the elfeiric spark and 
that of incandescent solid bodies eihibit great diversity in the 
number and position of Wollaston's dark lines. HowcTer inter- 
esting tho inquiry may appear, this knowledge has not yet been 
apphed to the light emanating from luminous animals, nor in- 
deed to any phosphorescent substance in tho strict senio of the 

(3mce the above was written, Kirchhoff, of Heidelberg, has 
discovered that the dark lines of the solar spectrum are owing to 
the presence of metals in the suu^s atmosphere-) 
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^B cusston of theoretical points ; I mustj however, 
^M expose a few facta. 

^^ Matteucci himself ohservea that glow-worms 
^B possess a substance which gives forth a brilliaot 
^P light v'lihoiit any scumble Iwat ; and that this light 
H is visible after the animal has been torn to pieces; 
that it persists for some time after death. 

Those animals which furnish us with examples 

I of rapid and energetic combustion, such as birds, 
by their respiration, possess also a high degree of 
animal heat, when compared with animals in which 
respiration is less energetic. With reptiles, where 
combustion, due to respiration, is comparatively 
incomplete, we find on the contrary, an animal 
heat of a low degree, dependent upon the tem- 
perature of the place they inhabit. In accordance 
with this observation, if the hght of NocMbica, 
Pi/rosoma, or LampyrUliie was owing to combus- 
tion, their aniraal heat would he considerably 
higher. Experiment, however, shows na the con- 

Ptrary. 
According to Matteucci, also, the phosphorescent 
substance, when extracted from the insect and 
placed in hydrogen gas or carbonic acid, " ceases 
to shine in thirty or forty minutes." Thirty or 
forty minutes is a very long time indeed, for a 
comb list ion to continue in gases that are devoid of 
the faculty of supporting it. As this experiment 
was very carefully verified by the author, we 
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assert without danger, that in gases which extin- 
guish combustion the luminous substance ex- 
tracted from glowworms shines for thirty or forty 
minutes. 

The same author next remarks, that in oxygen 
gas, the phosphorescence of the liiTninous sub- 
stance shines three times longer. Only thrfie times. 
But this may be due to a difference of vitality 
in the different individual insects submitted to 
examination. Heat increases the light of glow- 
worms ; too great a temperature destroys it. 

On the whole, the experiments of M. Matteucci, 
made with remarkable debcacy, can lead to no 
conclusion which tends to establish the nature of 
the phosphorescence of the Lampyrufa ; unless, 
indeed, this conclusion be that the phenomenon 
in question is not directly owing to combustion. 

With the exception of a single one, the same 
may be said of those undertaken by M. Roberta, 
and commnnicated to the ' Annales des Sciences 
Naturelles' in December, 1842. M. Eoberts has, 
however, noted a fact similar to the observation 
of Mr. Macartney, regarding the luminous sub- 

mce of the Smlopentira. I shall give it in his 
1 words ; — 

i female Lamjiyris be divided into two 
transversal halves, the light spread around by the 
abdominal portion disappears in about half an 

tBut by placing this same portion near a 
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candle, the light reappears, and, strange to say, is 
not extinguished in thirty-six honrs." He adds 
to this, " It is in vain that I endeavoured to maie 
it appear again by the same process ; this singular 
phenomenon seems only to take place once." 

This observation seems to be a complete repre- 
sentation of phosphorescence after insolation, such 
BS we observe in mineral substances. It would 
certainly be interesting to ascertain whether solar 
light has any influence upon the phosphorescence 
of glowworms. We must not forget, however, 
that the luminous substance of the glowworm is 
capable of shining for some time after death. If 
M. Roberts waa not aware of this, his observatioii 
cannot have much weight. 

I must register here an interesting experiment 
made some years ago by Dr. Lallemand : — One 
fine summer evening, M. Berard, of Montpellier, 
had invited to his house a number of professors 
and naturalists. Dr. Lallemand, who was present, 
caused them to witness a very curious phenome- 
non. He placed upon his hand a female glow- 
worm {Lamypris rwdilur.a) , and stretched his arm 
out of the drawing-room window, which opened 
into the garden. Very few instants elapsed be- 
fore a male Lampi/ris flew into the doctor's hand 
and immediately coupled with the vermiform fe- 
male which he held. But as soon as the act was 
accompJished, the Aig\i.t o? t\iB len«\^ ■was. %^qa> 
gaisbed completely. 
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This experiment waa witnessed by many emi- 
nent savants, among whom were MM. B^rard, 
Dnjes, Dubreuil, Balard, and Moquin-Tandon. 

M. Schnetzler, of Vevey (Switzerland), made 
some experiments upon LampyHs noctUuca in 
1854. He attributes the light of these insects to 
the combustion of phosphorus, which he thinks 
he has found in the greasy tissue which constitutes 
the Inminous orgau of the insect.* Phosphorus 
probably exists in the luminous tissue, but only 
in the state of phosphates. By heating this tissue 
with nitric acid until conaplete dissolution was 
obtained with destruction of the organic matter, 
M. Schnetzler procured a solution showing those 
chemical reactions which characterize phosphates. 
But that does not prove that phosphorus in a free 
state exists in this tissue. 

An Enghsh chemist, Mr. Thomtou Herapath, 
asserts, on the other hand, that the most dehcate 
analysis did not show the slightest quantity of 
phosphorus (as phosphate) in the bodies of those 
insects. 

Here, then, we have one observer inferring the 
existence of free phosphorus after finding phos- 
phates, and another denying the existence of free 
phosphorus after seeking for phosphates only, 
Mr. Herapath thinks, in his turn, that the light 
of the glowworm is due to a compound of hydro- 
^^_* 'Archirea de» Scienees PhjsiqueB de Ganfe^oJ "SiOT.'WSi'a, 
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gen and carbon, secreted by a particnlar gland, 
organized for that purpose. I believe this car- 
buret of bydrogen exists in the tissne of the 
LaitipiiriJie, where it forma, with other anbetances, 
that greasy matter that all observers have re- 
marked in the luminous tissue, not only of Lampy- 
rida, but of other phosphorescent insects. Bnt I 
doubt that the phosphorescence of these insects 
is owed to combustion. However, I have givea 
this opinion its due in the theoretical part of n^ 
work. 

M. Schnetzler* has brought forward some other 
observations on Lmtipyns vodUuca, which appear 
■worthy of note. It is generally believed that the 
light of the glowworm is not visible in the day- 
time, for the simple reason, perhaps, that a light 
sixty times stronger than another prevents our 
^l perceiving the latter. But, according to the ai 
^M thor just named, if the inferior posterior portiol 
^M of the abdomen of a female glowworm be openec 
^B we perceive a yellowish -white substance which 
^B emits a very feeble light during the tJaij. 
^^ Although the light of the glowworm appeari: 

^^ to be in direct submission to the will, or rather 
^M the instinct of the insect during its life, and 
^1 therefore be extingniahed more or less at certain: 
^1 intervals, it is not less true that this light persiatgj 
^1 for some time after death, and even after the lomii 
^^L * Loc. cit. 
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nous substance has been extracted from the in- 
secf a body. According to Cams,* the hght, when 
extinguished in the dry luminons matter, reap- 
pears when the latter is damped with water. The 
naturalist Eoitard has made a similai" assertion ; 
speaking of the glowworm's Hght, he says : " II 
parait qu'iU peuvent iv volonte augmenter ou 
diminuer cette singuliere lumiere, qui disparait 
loraqn'ila sont morta, mais seulement pwr le dea- 
seckement."f 

We are thus led to infer that the luminous sub- 
etance of glowworms is permanently phosphores- 
cent even after death, if the tissue of the lumi- 
nous organ be kept dry, and not decomposed by 
chemical means. 

When the insect, dead or living, is plunged 
into boiling water, its light is extinguished sud- 
denly. A vigorous individual plunged into olive 
oil soon loses its brightness, but a feeble lumi- 
nosity persists for a long time even after death. 

The microscope shows ua in the luminous sub- 
stance of glowworma a cellular tissue, filled with 
what appears to be a soft yellowish grease ; the 
whole is traversed by the trunks and branches of 
the trachese or air-tubes. This substance extends 
in a thin layer along the inner sides of the ab- 
domen. It is this greasy substance, this corps 
grai-aneux, that Treviranua regarded as the source 
^A Comp. Anat, t ' Manual d'EnWincilogie.' Pnris, 1828. 
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of the light of glowworma. According to Canu, 
this luminous organ " constantly receives a Cftr- 
rent of a liquid equivalent to blood." This flow, 
in his opinion, is the cause of the rhythmicsl 
character of the luminous emanation, aa seen ia 
Lampi/rU italica. 

Gueneau de Montbelliard showed in 1 782 {Uonv. 
Mem. de I'Acad. de Dijon, vol. ii. p. 80) that tlie 
eggs of Lampyriila, which are small yeUowish 
spheres, appear also p!iosphorescent in the dark. 
Carua has confirmed this observation, and assures 
ns, at the same time, that the lanite of these in- 
sects emit a greenish phosphoric light, — a fact 
phich had been observed by Treviranus as early 
as 1802. Some authors have asserted tliat tha] 
chrysaliB of the glowworm is shghtly luminous, 




Other Cohopiera are exceedingly phosphores- 
cent. Such are the numerous species belonging, 
to the genus Elattr, known to the English aft 
Fire-flics, and of which £. nodilucus (fig. 26) erf 
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treille has been moat attentively studied. Tliis 

lect, of a dark "brown colour, attains about one 

1 and a half in length. On its back are ob- 

■ved two smooth yellow spots. It is extremely 

[umon in the Antilles and the whole of South 

lerica, and emits a much more vivid light than 

i Lavipi/nd<B. Besides the two yellow dorsal 

tots, which are very briUiant at night, there 

ist two others, hidden under the wing-cases or 

ra, the light of which is only visible when the 

jct flies ; it then shows four luminoos points of 

iat brilliancy. Moreover, the whole body of 

I insect appears glittering with light, which 

ines through the intervals existing between 

segment or ring of the abdomen, and which 

■.easily perceived when these segments are gently 

died asunder. The light which is emitted by 

fthe two points upon the thorax alone, is suffi- 

mtly strong to allow us to read by ita aid the 

I smallest print. 

Under the common name of Fire-flies a, great 
number of these exotic Elaters are indistinctly 
grouped. Most of them are smaller than Efater 
iiQctilums. Closely allied to this is E. ignit-us. 
But,besidea these two species, Uliger has described 
ten others under the generic name of Fyr iphotiis ; 
and Kirby and Spence state that seventy distinct 
species of these luminous insects are spread about 
the hot climates, from Chili to the south of the 
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United States. The species described by Bliget 
(in vol. i. of Anmala of Nat. Hist. Soc. of Beriinf 
were taken, in the Brazilsj Peru, Buenos Ayres, 
Chili, Cuba, St. Domingo, and Guiana. At St. Do- 
mingo, where these insects are abundant, the in- 
habitants call them Gvniij. They are often applied 
to useful purposes, aa lights, as decorations, 
especially to destroy gnats which swarm in tkd 
dwellings. Conmderable quantities are taken t^ 
this effect in the month of June. 

On examining the luminous tissue in Lamp^ 
ris noeliluca, Elater noctibicua, and Ulatur igmtut 
Macartney observed that this tissue only dif 
by its yellow colour from the greasy interceUuIal 
substance which is found in other portions of th^ 
insect's body. In E. tioetibicus and E. ignUut 
the light proceeds from masses of this substana 
closely applied underneath the transparent partj 
of the insect's skin. When the season for givinj 
light is passed, this yellow tissue is absorbed ant 
replaced by the ordinary interceUidar tissue. In 
Ziompyris noeiiluca, besides this greasy tissue 
same author observed, in the last abdominal 
ment, two small oval sacs formed by an elaatifl 
spiral fibre, containing a soft yellow greasy sub^' 
stance of closer texture than that above-meutioned. 
and affording a more brilliant hght than the ri 
of the luminous tissue,* The light emitted bj 
• PhUoaopliioiil Tracsactioiis, 1810. 
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the yellow greasy tissue of the spots in the thorax 
«f S. nociUueun can be communicated, it appears, 
to the interstitial tissue which pervades the whole 
of the insect's body. It was De Geer who first 
observed that light shonei between the eegmenta 
of the abdomen when these were separated one 
from another. 

Morren, late Professor of Botany in the Uni- 
versity of Liege, has studied minutely the struc- 
ture of the luminous organ of Ltimpijris tioctiluca.* 
He haa shown that the luminous sacs described 
by Macartney are connected with a multitude of 
trachean ramifications (air-tubes), and that the 
luminous property of the glowworm appears to 
depend, to a considerable degree, upon the pro- 
cess of respiration. The trachean ramificationa 
proceed from a large trachea which issues from a 
spiracle (breathing-hole) situated immediately at 
the side of the luminous mass, on the exterior of 
the insect's body. When this spiracle is closed 
the light is immediately extinguished, and reap- 
pears when the spiracle is opened. As insects 
have the power of opening or closing their spira- 
cles at will, the glowworm can thus increase or 
diminish its light. This also explains why the 
Ught of the fire-flies (Elaler) is more brilliant 
when the insects are flying, for then their spira- 

• I have not read M. Morren's paper. It is abridged iii Kirbj 
and Spence'e Irtrod. lo Ent. p. 51b (edit, in one to!,). 
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cles are wide open, and respiration more energeti 
than when they are in repose. 

An intereuting observation was made formeriy 
by Alexander von Humboldt. He drew out a 
very vivid light from an Elaier noctilueiis that was 
dying, by touching the ganglia of one of its an- 
terior limbs with a piece of zinc and a piece of 
silver. i 

Some other Goleoptera, said to be phosphores* 
cent, belong to the genus Fanssus. Of this genua 
at least three speciea have been brought to Bti" 
rope, — Panssus lineatus, from the Cape of Good 
Hope, P. microcephaliis and P. spliaroeerus, also 
from Africa. The habits of these insects are not 
well known. It is the species P. spharoeerus (fig. , 
27) which is stated to be phosphorescent. Th* 




phosphoric light emanates from a pecubfir swdt- 
ing or vesiculous segment, which terminates 
antennee or horns of this curious insect. The 
waa observed by Afzeliua. Mr. Westwood^ wJ 
iias written a moivogva^V M'^^'a. *Ckvs, 
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Beets, states tiat the " dim phosphoric light " 
mentioned by Professor Afzeliua ia probably only 
reflected light owed to the highly polished surface 
of the spherical cellular autennte. But this is 
merely a supposition, and does not even amount 
to negative evidence. The genua Potis^un is not 
mentioned in the twelfth edition of Linnseus'a 
' Systema Nature.' The species above named 
appear to be all night insects ; they are easily 
recognized by the peculiar knob at the end of 
each of their antenuEe, which are very ehortj and 
composed of only two segments, including the 
cellular one. 

Lamarck thought that the two oval red spots 
which we remark upon the second segment of the 
abdomen of ClUroscelis bifenestrata are luminous 
in the dark. I am not aware that the fact has 
ever been confirmed. This insect, which is black, 
and about IJ inch long, inhabits the Isle Maria, 
Its oval spots resemble those on the back of Ela- 
ter noct Uncus , 

According to Latreille,thQ Chinese insect known 
as Buprentis ocellata has two spots upon its el3^ra, 
which are luminous at night, A friend of this 
naturalist assured him that he had seen these 
spots luminous in a living specimen which was 
brought from China to the Isle of France in some 
wood. 

The &flrnS(ej(sp?to8pfioricu8, "w\!ida'^:WTiiKEi!a& 
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Bpeaks of as being luminous at the abdoman,!! 
no otlier than Lamjiyria italica, of which I have 
spoken above. 

One of the Longicom beetles, named by Che- 
I TTolat Dadoychits fiavoeindu.s, has tho third and 
i fourth segments of the abdomen of the same yel- 
low colour and appearance aa the luminous seg- 
ments of the Lampijrii^x, and we know that a 
considerable number of the Brazilian Relopida 
present a similar peculiarity, whence some ento- 
mologists are inclined to infer that these insects 
are also luminons. 

In the family of Hemipiera we have the genus 
Fu^ora, which includes several species said to be 
highly phosphorescent. Their light is so brilliant 
that the authors who speak of it have called these 
insects Lantem-fliee. 




Fulgora latemaria and F. candelaria (fig, 28) 
are the two apcciea best known. These, like all 
the insects of this genus, have a veiy singoUr ap- 
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pendage projecting from tlie head — a sort of long 
proboscis. In F. laternai-ia, which inhabits South 
America, this projection is horizontal, uneven, and 
ronnded at the extremity. In F. candclaria, which 
is found in China, the proboscis is cylindrical and 
curved upwards. 

It is from these appendages, the sides of which 
are transparent, that the phosphoric light ema- 
nates; they appear to be filled with a peculiar 
phosphoric substance. Madame Merian was the 
first to observe the phenomenon. According to 
her account, F. latcrnaria, which is a large insect, 
emits a most brilliant bght. It is said also that 
the trunk of a tree covered with numerous indivi- 
dnals of F.candelaria — some in movement, others 
in repose — presents a very grand spectacle, impos- 
sible to describe, but which may be wituessed 
sometimes in China. 

Fidgora. pyrrJMrynchus, described and figured 
by Donovan in his ' Insects of India,' is said to 
emit light of a fine purple colour. 

Some authors have denied that the Fulgora 
shine. Count Hoflinansegg inibrms us that his 
insect collector, Sieber, a practised entomologist 
of thirty years' standing, who took many spe- 
cimens of F. iateruana in the Brazils, never saw 
one luminous. On the other hand, the Marquis 
Spinola, in the ' Annals of the Entomological So- 
ciety of France,' vol, vih,, contenda for the lomi- 
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nous cliaracter of tlie whole tribe, Again, M. H 
Eichard reared a species of Fulgora, but iiever«| 
saw it shine ; whilst a friend of M. Westmael as- W 
Bured him he had seen F. latemaria luminoua when I , 
ative. ( ] 

Mr. Smith, of the British Muaeam, has related 
to me an anecdote which confirms the opinion 
that the Fiilgora. are certainly iominoiis. Whilst 
curator of the Eutoraological Society, He w 
day showing some insects to Lady Seymoi 
son, a young midahipman, and one of hia com- 
panions. The two latter had wandered to a o 
of Fulgora., when one of the boys ezclaimedj 
" Why, look here ! these are the Candle-flies thai 
we used to knock down with our caps in China,'* 
Besides this, Dr. Donovan has carefully figured 
these Fuhjora, and bis figures show them in tho 
act of emitting bght from the points of their j 
culiar proboscis. 

The group of Fuhjora ia, however, very littJi 
known; we know aearcely anything of 
habits, except that they appear to be night-insects : 
they merit assuredly a more complete history. 

In the family of LfipUhftera , which inolndea I 
Butterflies, Moths, etc., a phosphoric light has I 
been observed in the eyea of Noctua psi, — a fitti* I 
grey nocturnal moth, which has upon its uppff J 
wings a few black spots resembling the Greekl 
Jetter j>si. 
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The same phenomenon appears to have been 
seen in the eyes of Bomhijx coexits. 

A Russian naturaHst, M, Gimmerthal, has ob- 
Berred that the caterpillars of Noctua occulta are 
luminous, and the observation was conununicated 
to the Entomological Society of France by M. 
Audouin. Since then, M. Boiaduval remarked 
one hot summer evening in the month of June, 
a quantity of caterpillars on the stems of grass. 
They shed a phosphorescent light, and were cer- 
tainly not the larvsB of Noctita occulta, but rather 
those of Mamestrti oleracea, though they seemed 
larger than usual. M. Boisduval beUevea that 
this luminous appearance was caused by disease, 
which would account for its not having been met 
with before upon this common species. 

If disease is capable of developing phospheric 
light in insects, which it certainly has been known 
to do in superior animals, as we shall see further, 
it will account for the fact that other insects be- 
sides those named have been seen, though rarely, 
in a luminous condition whilst alive. Thus, some 
authors speak of 0-rilbis cwmpestris, or Mole- 
cricket, among the Orthoptera, as having been 
once seen in a phosphorescent state. Others as- 
sure ns that the common " Daddy Longlegs," Ti- 
puht oleratea, was taken by a farmer who, seeing 
a bght, knocked the luminous object down, and 
found it to be the insect just na,Tned, ^^ 
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Many inseofcs whioh we are in the IiaMt of bb- 
Berving only in, the daytime may probably emit 
light in the evening^ l^hoogh all those which have 
been recognized with certainly to be highly phos^ 
phorescent, snoh as the Lampyrida and the Ela^ 
terida, 9xb no6tamal insects^ 



CHAPTER VI. 

■EOBLEMATICAL CA9E8 OT PHOSPHORESCENCE 
IN StTPERIOE ANIMALS, AND PHOSPHOEIC PHE- 
NOMENA OBSERVED IN MAN. 

In the animal kingdom plioBphoresceiice appears 
to cease with the class of insects ; in reality, how- 
ever, phosphoric phenomena have been ohserved 
in animals of superior organization during their 
lifetime. 

To speak, in the first place, of some prohle- 
matical cases of phosphorescence in animals more 
highly organized than insects, I will state that, 
according to Carus, we are wrong in attributing 
tg a simple effect of reflected light that peculiar 
acjntillation which is observed iu the eyes of dogs, 
cats, tigers, etc. Sennger, in bis ' Natural His- 
toiy of the Mammalia of Paraguay' (' Naturge- 
BchichtederSangthiero von Paraguay'), published 
at Basle in 1830, says, that he has seen the eyes of 
a monkey so brilliant in complete darkness, that 
they illuminated objects at a distance of half a 
foot. The animal in question is the Nyctipithecus 
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Oa Moe of Shbhi trwiryofa, m fcJB ' BecBoI 
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I hxre obeerred s bri&nmt scmtEnsbon in Ab 
eyes of man iantseit, but cnif (mce. The Hgb 
was of a metalhc-ptnk cfAaar, resemblmg, in g» 
neral aspect, the green hgfat miitted from dog^ 
ejee. I oaiy saw this in oce iDtliTidua]^ IImmi^ 
I have exunmed manT; but a fii^id of mine 
Utet^ witnessed it ia tbe ejet of a little girl. 
Both sabjects sDaded to were remarkably de- 
licate. 

I do not think we can anribate this light to 
phosphorescence, bat rather, that it is oning to a 
phenomenon of reSection. I hare never had an 
opportunity ofascertaining whether this laminoEity 
of the eyea of human beings is visible in complete 
obscurilT, as Rennger states was the case with the 
light emitted from the eyes of Simla trivirgata; 
but it is certain that the scintillation in the eyes 
of a cat or a dog in not risible in complete dark- 
Dess. 

In most cases it is not difficult to distinguish 
light which is reflected from light which is directly 
transmitted to U3 from the iUnminated body itself, 
by means of the phenomena to which reflected 
light gives birth in the ■polar iRCWpc, — an ingenious 
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^^■BtFament imagined by Francois Artigo. Now, in 

^^Hkcase of the phosphorescence of Schisiofega on- 

^^^kndacea, spoken of in tlie second part of this 

^^Brk, and those cases alluded to here, it would be 

easy to ascertaLQ whether the light was transmitted 

directly from the plant or the animal itself, or owed 

to the reflection of diffused daylight, as we observe 

on the spiders' -webs in a semi- obscurity. Very 

simple polariscopes, consisting of plates of crystal 

inserted into flat pieces of cork, are sold by some 

of the opticians of Paris ; whenever reflected light 

is observed, at certain incidences, through this 

simple npparatus, it shows coloured stripes, owing 

to tlie polarization of the reflected light. With 

directly transmitted light these coloured bands 

• are not visible. 

A very remarkable case of phosphorescence was 
witnessed by Dr. Kane in his last voyage to the 
. Polar regions, and described in his journal under 
I the date January 2nd, 185-i. He was on his way 
I with Petersen to an Esquimaux settlement, in 
I order to procure food. Their thermometer was 
I at —42° Centigrade (—44° Fahr.). With their 
[ weary dogs and sledge they had reached some un- 
tenanted huts at a place called Anoatok, after 
thirty miles' march from the ship r — " We took to 
the beat hut," says Dr. Kane, " filled in its broken 
front with auow, housed our dogs, and crawled in 
among them. It was too cold to sleep. Next 
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momiug we broke down our door and tried tlie 
dogs Bgain. They could hardly stand. A 
now set in from the south-west, obscuring tie 
moon and blowing very hard. We were forced 
back into the hut; but after corking'^np all the 
Openings with snow and making a fire with 
Esquimanx lamp, we got up the temperature to 
30° below zero Fahr.[— 34'5° Centigrade), cookeA 
coffee, and fed the dogs freely. This done, Peter- 
sen and myself, our clothing irozen stiff, fell asle^ 
through pure exhaustion ; the wind outside blow- 
ing death to all that might be exposed to its in- 
fluence. I do not know how long we slept, but 
my admirable clothing kept me up. I was cold, 
but far fi-om dangerously so, and was in a fair way 
of sleeping out a refreshing night, when Petersen 
woke me with, ' Captain Kane, the lamp's out.' 
I heard him with a thriU of horror. . . . Onr only 
tope was in relighting our lamp. Petersen, acting 
by my directions, made several attempts to obtain 
fire from a pocket-pistol ; but his only tinder was 
moss, and our heavily stone-roofed hut or cave 
would not bear the concussion of a rammed wad- 
By good luck I found a bit of tolerably dry paper, 
and becoming apprehensive that Petersen would 
waste OUT few percussion caps with bis ineffectual 
anappings, I determined to take the pistol myself. 
It was so intensely dark that I had to grope for 
it, and in so doing touched bis band. At fAaf 
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l/nt the pistol became distinctly viaible. A pale- 
\ light, slightly tremultms, but not broken., co- 
i the mctalUc parts of it — the barrel, lock, and 
''^gger. The stock, too, was clearly discern- 
ible, as if by the reflected light ; and to the amaze- 
ment of both of us, the thumb and two fingers with 
which Petersen was liolding it, the creases, wrinkles, 
and circuit of the uaola, clearly defined upon the 
skin. Tli£ phosphoresc&nce was not unlike the in- 
effectual fire of the gloumorm. As J took the pistol, 
■my hand became illuminated also, and so did the 
]iov!de!r-rubbed paper wJien I raised it against the 
muzzle. The paper did not ignite at the first 
trial ; hut the light from it continuing, I was able to 
charge the pistol without difficulty, rolled np my 
paper into a cone, filled it with moss sprinkled 
over with powder, and held it in my hand whilst I 
fired. This time I succeeded in producing flame, 
and we saw no more of the phosphorescence. . ■ . 
Our fur-clothing, and the state of the atmosphere, 
may refer it plausibly enough to our electrical 
condition."* 

I have given this account in Dr. Kane's words, 
that the conditions under which this curious pro- 
duction of hght occurred may be more readily 



The light arising from enrrying a horse, or rub- 
bing a cat's back, has ofteu been observed. A 
« Dr. Eane'a wort, ' The Seooml Grinell Eipedition,' etc. 
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peculiar snapping noise accompanies this I 
which ia owing simply to the production of a 
qnantitj of electric sparks. Similar instances of 
spontaneous production of light have been observed 
on combing a woman's hair, provided it be very 
dry, and the atmosphere devoid of moisture.* 

Bartholin gives an account of a lady in Italy, 
whom he designates as " viulier spiendeiw," v 
body shone with phosphoric radiations when slightly 
rubbed with a piece of dry linen. 

A phenomenon, which might perhaps be termed 
subjective phosphoregcence, occurs when injuries are- 
received by the eye or the optic nerve (fig, 




I 



Thus, when the head has been held down for some 

moments, sparks are often seen before the eyea , 

on resuming an upright position. These sparks 

I hare observed tiiia frequently, but generallj when a aoulh- 
WDBt wind ie blowing, and the atmoephere liighlj electrical. 

t Fig. 29, the human eje, showing the diSerent membranes | 
and the optic nerve. 
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appear in motion, and are of frequent occmrenca 
in some diseases, aueli aa typhus fever, when the 
invalid sees them upon the bed-cover, and con- 
stantly endeavours to pick them off with his 
fingers. When a blow is received upon the eye, 
an intense light ia perceived : this must be familiar 
to pngilista. 

When the optic nerve is cut, no pain is felt j but 
an intense flash of hght across the eyes is experi- 
enced. The same flash occurs when an electric 
current passes through the optic nerve, as aome- 
timea happens when a piece of silver and a piece 
of zinc are made to form a galvanic couple with 
the tongue or other parts of the mouth, To en 
sure the success of this experiment, the plates of 
zinc and silver should be placed upon the inside 
of each cheek, and connected together, outside 
the mouth, with a piece of ailver wire. 

I have observed very vivid luminous appear- 
ances, during fever, in my own cyea ; they mani- 
fested themselves after any violent exertion, such 
as going upstairs, walking quickly across a room, 
etc.* The light appeared in the form of myriads 
of luminous spota, in rapid motion, and of a 
greenish -yellow tint. 

These phenomena, to which I have given the 

■ Tliese HotioDB would not amoimt to violent In a state of 
health, bat require a greut amount of eiertioa duhiig illneai 
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name of mil^ecttve •phonphoregcence, were first ac- 
curately described by Purkinje. 

Bitter, Purkinje, and Hjort liave noticed tJiat 
when the eye is included in a galvanic current, a 
vivid flasli of liglit is perceived whenever this cir- 
cuit-is closed or opened. Purkinjo also remarked 
that whenever the eye ia pressed with the finger 
certain arborescent figures are produced, all of 
■which are luminous. 

Narcotic medicines often affect the eyes in a 
similar manner, producing subjective phosphoric 
radiations. A production of light in the abore 
eu'cumstances ia exceedingly interesting, and 
tends, perhaps more than we are aware, to esta- 
blish the fact that the phenomena of light are 
owing to a vibratory tnovenient of matter. 

In a former chapter I have spoken of the ap- 
pearance of phosphorescent bght upon the bodies 
of animals, and upon the human body after death. 
In this one I have to mention similar appearances 
upon the living body. 

Marsh, in an 'Essay upon the Evolution of 
Light from the Human Subject,' brings forward 
the following statement made to him in these 
words: — "About an hour and a half before my 
sister's death, we were struck by luminous ap- 
pearances proceeding from her head in a diagonal 
direction. She was at the time in a half recum- 
bent position and perfectly tranquil. The light 
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was pale as the moon, but quite evident to mamma, 
myself, and sisters, who were watching over her 
at the time. Qpe of us, at first, thought that it 
was lightning, till shortly afterwards we fancied 
we perceived a sort of tremulous glimmer playing 
Euround the head of the "bed ; and then, recollect- 
ing that we had read something of a similar 
nature having been observed previous to disso- 
lution, we had candles brought into the room, 
fearing our dear sister would perceive it, and 
that it might disturb the tranquillity of her last 
moments/' 

We are told of a similar luminous apparition 
around the person, and in the room, of a man 
who had been lying ill of a lingering disease, of 
which he afterwards died, in the south-west of 
Ireland. 

In 1840, Donovan published, in the 'Dublin 
Medical Press,' a very curious case of phospho- 
rescence upon the living body of a man. '^ I was 
sent for,'' he says, " to see Harrington, in Decem- 
ber, 1828. He had been under the care of my 
predecessor, and had been entered in the dispen- 
sary book as a phthisical patient ; and on referring 
to my note-book, I find that the stethoscopic 
and other indications of phthisis were indubit- 
able. He was under my care for about five years, 
during which time the symptoms continued sta- 
tionary^ and I had discontinMed tkj ^ttiOTLdaxLce 
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for about two years, when the report became I 
general that mifsterious liifhts were seen every I 
night in bis cabin. The subject attracted a great 1 
deal of attention, ... I determined to submit the f 
matter to the ordeal of my own senses j and fur I 
this porpoao visited the cabin for fourteen nights. [ 
On three nights only did I witness anything nn- 
nsual. Once I perceived a luminous fog, resem- 
bling the Aurora Boreaba; and twice I saw sanfii- ' 
laUons, Uhe the spwrlcUny phospkoreecetice exhibited 
by eea-infusoria. From the close scrutiny I made, 
I can with certainty say that no impoaifcioii waa i 
either employed or attempted." 

These strange luminous apparitions are i 
seen but in cases of extensive disease. The I 
theories that have hitherto been brought forwM'd | 
to explain them are quite inadequate to account I 
for these phenomena, 

I read also of another similar case of phosphoric 
light glimmering about the bed of a woman in 
Milan, Tliis light fled from the hand which ap- 
proached it, and was at length entirely dispersed 
by a current of air. 

Of the same kind are those luminous appear- 
ances which are sometimes, though rarely, seen 
in houses, and which have been called "Elf- 
candles" by the Scotch. They are s 
portend the death of some person in the house. 
As they have been known to occur before death J 
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upon the Kvmg subject, I liave sepaarated them 
from those mentioned in the first chapter of this 
part of my work, although they may probably be 
referable to the same cause.* 

* It 18 by no means proved that death inevitably follows this 
phosphorescent light : the case of the Milanese woman seems to 
prove the contrary. 
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PART IV. 

HISTOEICAL, THEOEETICAL, AND 
PEACTICAL CONSIDEEATIONS. 
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CHAPTER I. 

HISTORICAL NOTES. 

I HAVE now exposed all the cases of phosphores- 
cence with which I am acquainted, in minerals, 
mineral substances artificially produced, in vege- 
tables, both phanerogams and cryptogams, and 
in animals dead or hving, besides having alluded 
to several singular cases of meteorological, and 
some problematical cases of astronomical, emission 
of phosphoric light. 

It will thus be seen that phosphorescence per- 
vades the whole of nature. Not only have spon- 
taneous evolutions of Ught been witnessed in our 
chemical and physical laboratories as curiosities 
produced by human skill, we find the same in- 
teresting phenomena exhibited in natural mineral 
substances, in various plants and animals, where 
our physical knowledge takes no part in their pro- 
duction. Moreover, we see phosphoric light de- 
veloped in the atmosphere, as, for instance, lumi- 
nous fogs, and in the heavens. 
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We thus become impressed with the generaliti 
of these phenomena, which have hitherto been n 
gardod only as rare and mysterious evolutions t] 
light. 

It is canons to note the progress of the A 
coveiy of phosphoric phenomena, and the i 
effectual attempts that have been made to explai 
them aa our knowledge gradually extended. 

The ancient Greeks gave the name Phosphc 
to the Tnoming star, or planet Veuoa, when ii 
rises before the sun. By the Latins, the nameef 
Lucifer was given to this star, which the Fre 
term Eimle de Berger. 

Although the phosphorescence of the Boloj 
stone, and certain other pkosphort, was only o 
served in the seventeenth century, the luminoa 
of the sea was familiar to observers in the darks 
ages of antiquity. Some authors assert that | 
was generally attributed by the ancients to ( 
and Pollox; but the phenomenon attributed I 
these divinities was simply the electric light n 
I have alluded to as the Fire of St. Elmo, ap^ 
ing in stormy weather on the masts of ships. 

Aristotle mentions light proceeding firom j 
trescent substances and from glowworms; 
was acquainted with the luminous propertiea i 
the dead Pkolas and certain Mediig<e, and 1 
ancient naturalist knew that by rubbing one 6. 
these animals upon a plank the wood "bee 
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iSj and that when it had ceased to shins, 
he light could be brought back again by rubbing 
he hand over the board. 

In 1592, Fabricio d'Aquapendente brought for- 
rard the first observation of phoaphoresceiit flesh, 
'tich Eobfirt Boyle afterwards attempted so 
aiergeticaJly to explain. 

In 1602, Caacariolo discovered the famona 
lologna Btone, in the manner already described. 

In 16C3, Robert Boyle found that diamonds 
assessed the properties of solar-phosphorus. 

In 1669, Brandt discoverd the chemical element 
liosphorus, re-discovered by Kunckel in 1674, 
id, according to some, by Robert Boyle in 1680. 
oyle's account of this new substance was indeed 
sly published in 1680. Some authors say that 
e saw phosphorus in the hands of Kraft, and 
new that it was extracted from some matter 
ertaining to the human body ; others say that 
Irandt had partially communicated his secret to 
innckel. However this may be, the discovery, 
fter all, was made by Brandt. , 

The remarkable light emitted by phosphorus 
a the dark, kno^vn at present to be an effect of 
nidation, was supposed to be owing to combus- 
ion ; and strange to say, this opinion, which was 
lot tUl long afterwards confirmed by direct ex- 
)eriment, was the exact representation of the 
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I wMen if tfe «cMi AhkImJ fefe i^< 
1 hf dif md MDttad it agam at a^ 

IW mtvea WW on^ h» bicfiaB. ^ Higb 
Oattbe a tmo f iiii B nUbeA against the water 
At ac» fay the rotaCkn id the ew^ and fli 

Aia frietioa had fix- £ieet effect the miiasian 
a «erlaia aaioiiiit of eatoric and Hgtc. We 
■lRa% wen Act Boyle endeavoured also, I 
Bneemoa and tngenioiu experiments, to a 
tar the pboapboreacence of rotten wood, fleeh, et 

Later atOl, we find that Majer reproduces tl 
old opinion of Tachard ; and Beccaria affim 
the Bolar-phosphonis, or Bologna stone, " abstnf 
li^ht, and emita it some time afterwards." Bed 
curia thonj^ht he had observed that this subatanct 
when anbmitted to colonred light from red, yelioit 
bluo, and green glasses, shone in the dark with 
a red, yellow, bine, or green light. But this WB 
aftorwiirils diMtinctly denied by Wilson in England 
Zani.itti aiJil Algerotti in Italy, by Dufay in France 
and by (itossor of Vienna. 

In 1 797, Brugnatelli published a singular op 
nion in the ' Annali di Chimica.' He heliere 
tlmt tiio phosphorescence of the Lampyrida, Q 
[^IdWwormH, waa owing to a peculiar physiologic 
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by which these insects separated light from J 
r food, and afterwards secreted it in a sensible \ 
II. When we recall the chemical theories in 
ue at that period, vre find that BnignateUi'a 
lion is not bo ridiculous as one would be apt 
uppoae. I 

'arradori, another Italian natnralist, appearSi 
,ave adniitted Bruguatelli'a opinion ; but know- 1 
that the Lampyri(J^ could extinguish or emit 
ir light at will, he thonght that they ofiected 
. with a peculiar membrane acting as a screen, 
which the insect {Lampyris italica) hid its 
it. The existence of this membrane was after-' 
ds denied by Macartney in the ' Philosophical' ' 
nsactions for 1810.' But Carradori caused 
ince to take a step forward when he proved 
b the bght of Lantpyris italica was not imme- i 
tely eKtingnJshed in vacuo, in. oil, or undeF-l 
er, as the hght of a candle, or that of commoii f 
psphorus would be. 
ioyle, Hume, and Macaire have all observed 
t the phosphorescence of certain dead organic 
iters was extinguished, at least partially, in 
uo. Boyle's experiments on tbia subject were 
ilished in the 'Philosophical Transactions' for 
i8. Although he certainly did happen on 
inguiah the light of phosphorescent wood, m I 
uo, completely, he never succeeded in totally 
ing that emitted by dead fish. 
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ExperimcDts, the resnlts of which appear con 
tradictory, were made upon the glowworm's hght 
by Forater, Spallanzaiii, Dr. Hulme, Beckerheim 
and Humphry Davy. Davy's experimenta sbon 
that the light was neither increased in oxygen 
extinguished in hydrogen gaa {Phil. Trans. ISIO) 
It was in 1749 and 1750, as we have seen, thai 
Professor Viannelli and Dr. Grixelhni discovered 
in the Adriatic Sea, their small luminous wonn, 
N^eix noctiluca ; and from this moment the real 
cause of the phosphorescence of the sea was esta- 
blished. It was then owing to animalcules ! Soon 
afterwards Captain Cook and Mr. Foreter 
with those curious little organisms, the NodUuai^ 
and recognized them as the cause of the phospho- 
rescence of the ocean. In 1776, the Abbi^ Spal- 
lanzani treated of the phosphoric light emitted 
by Medusa. 

Since ftien, discoveries connected with pho! 
phorescence have multiplied considerably np to 
the present day. 

The history of that of onr own Nact'duca TniUoril, 
which illuminates the waters of the English Chan 
nel, and therefore interests us particularly, is i 
ous enough. 

This animalcule was acenrately observed) 
the first time, by a French naturalist, Rigaud, in 
1765, who speaks of it in the 'M^moires dt 
i'Acad^mie de Paris ■,' \t ■wa?.¥.feeTi^isa'a,nii^w&ttifl 
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same time, by Slabber of Harlem. In 1775, 
Dicquemare discovered it again in the sea at 
Hayre, and in 1810, M. Suriray called attention to 
its existence upon the same coast as a novelty. 
He gave it the name Noctihca milians, which it 
has since retained. In 1 834j Professor Ehrenberg, 
whilst studying the phoaphorescence of the sea 
on the coast of HeligoliUid, met with the same 
Uttlo animal, and called it Mammai-ia scintillav^, 
by which name it is designated in some of Hum- 
boldt's works. M. de Quatrefagea, of Paris, has 
written an interesting paper npon it ; and lately, 
in 1855, Dr. Verhaeghe, of Ostend, published a 
small pamphlet, ' De la Phosphorescence de la Mer 
8ur les C6tes d'Oatende,' containing the results of 
his observations upon this curious httle being. 

The dates of other important discoveries con- 
nected with phosphorescent phenomena have been 
given in preceding chapters. 

In 1775, Wilson discovered that the most re- 
frangible rays only of the solar- specti-um acted 
upon the different kinds of solar phoupKori ; Bec- 
caria, from his own experiments, came to the same 
conclusion about the same time. In 1802, Enge- 
ficld re-discovered that the blue rays of the solar- 
spectrum acted more energetically than any others 
in promoting tho phosphorescence of the Bologna 
stone, and his experiments were repeated and con- 
firmed by Ritter, Goethe, and Seebeck. 
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Some papers upon phoaphorescGnee after inso- ' 
lation, were afterwards published by M. Dessaignes; 
they gained the prize of the Academy of Sciences, 
at Paris, in 1807-1808. This authorwaa the first 
to observe that suhsiancex wh>/:k are bad cotuindors 
of electricibj are very easily rendered phospho- ' 
rescent, whilst those which are good conductort • 
apparently very rarely or never. 

Dessaignea, moreover, remarked that electricity, 
either in the ebape of an electric spark or dis- 
charge, or in that of a simple current devoid of 
light, gives the faculty of shining in the dark to 
bodies which do not appear to posKoss it.* Dea- 
Baignes was therefore naturally brought to the 
conclusion that every case of phosphorescence is 
intimately connected with electricity. 

Some years later, M. Becquerel and M. Biotj 
in France, and afterwards. Professor Heniy, in 
America, repeating the experiments of DessaigneSj 
aaid adding some new ones of their ownj arrived 
at the same conclusion. 

But they were not the only observers who were' 
occupied upon this subject; whilst Grrothnsa, in 
Germany, who seems to have been the first to re-- 
cognize the action of an electric discharge upon 
phosphoric bodies, was evidently remaining be- 

* Orothuss EoemB to have been the Eret to show that tiie dit- 
moiid became iuminoua irhen im eleotric diecbarge HM paMed, 
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hind, and believed in the old opinion of Beccaria, 

IHeinrich, at Nuremberg, and Pearsall, in London, 
supported the ideas of Dessaignes. Becquerel 
and Biot have the merit of having first stadied 
W the influence of transparent screens of different 
Bubstances (glass, quartz, calcareous spar, etc.) in 
promoting or extinguishing phosphorescent light 
produced by insolation. Their experiments were 
repeated recently by Professor Henry, of Phila- 
delphia. The action of coloured glasses upon this 
phenomenon had already been investigated by 
"Wilson and Beccaria. 

I shall not repeat here what I have stated in 
other parts of this work concerning the discoveiy 
of plant -phosphorescence and of light-emitting 
animals. 

For the benefit of those who might desire to 
consult some of the more important and original 
documents relating to the subject of phospho- 
rescence, I have determined to give, in an Ap- 
pendix to this work, their titles, and the dates of 
their publication, 

I As we have already seen, the light emitted by 
fwera ia thought to be owing to electricity; but 
for that which is evolved from Fungi, such as the 
Icric of the olive, the Rkizonwrpha, etc., no idea 
B been formed of the direct cause of the lumi- 
BB phenomenon. 
According to Matteucci, Boberts, and De 
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Quatrefages, the light of glowworms is a pheno- 
menon of combustion — such, at least, was the 
opinion of these philosophers when their observa- 
tions were published. 

According to De Quatrefages and Professor 
Ehrenberg, the light of the Noctiluca is an electric 
phenomenon. Ehrenberg has discovered in a little 
marine worm, Photocharis cyrrigeray that which 
appears to him the organ of phosphorescence. He 
thinks also, that those small elevations which we 
observe upon the bodies of Noctiluca, when highly 
magnified, are so many phosphoric orga/ns ; so 
that it seems evident, at present, that wherever 
phosphorescence is observed in animals, there 
exists a special organ destined to fulfil this fimc- 
tion. 
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CHAPTER II. 

THEOEY. 

It will be easily seen, by examples that have been 
brought forward in preceding chapters, how diffi- 
cult and how ineffectual have been the attempts 
to give a satisfactory explanation of phospho- 
rescence. Theopinions on this subject published by 
Dessaignes and Becquerel certainly merit the most 
consideration. The theory to which they lead may 
be seen condensed in the foUowing paragraph :— 
^^It is perfectly demonstrated, .at the present 
day, that an evolution of electricity takes place 
in bodies whenever the equilibrium of their mole- 
cules undergoes a change of any sort, either in 
their chemical constitution or in their physical ag- 
gregation. If these molecules are not separated 
thereby, we observe a recomposition, more or 
less rapid, of the two electricities that, for an 
instant, were put in liberty ; and this may deter- 
mine, according to the nature of the body and 
the tension of the electricity, a production of 
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light and heat. Hence, when the particles of s 
body are shaken by percnssion, friction, heat, 
light, or decomposed by chemical action or by 
electric spark, these two effects (light and heat) 
may be produced by the recom position of the two 
electricities, especially when the particles sab- 
mitted to experiment are had conductors. But as 
these causes are precisely those which produce 
phosphorescence, we are induced to admit the 
identity of electric light and that of phos 
reseencej* so much the more as the luminona 
appearances are sensibly the same in both cases, 
and as bodies, which are good conductors of elee- 
irlcify, in which the phenomena are rarely acccon- 
panied by emission of light, are also devoid of 
losphorescence " (Beequerel). 
This theory, brought forward some years ago, 
ia hardly on a level with the present state of 
science; and, indeed. Dr. Young's ideas on the 
phosphorescence of solar phosphorus, appear to 
mo quite as near a satisfactoiy explanation. Dr. 
Xoung admitted that the shining of the Bologna 
stone, after it has received the rays of the sun, 
greatly resembles the sympathetic sounds of musi- 
cal insfcrumentB, which are agitated by other sonnda 
. conveyed to them through the air. 

I 'It would not be uapossiblo to proTB this opinion to b 

■ or Hire, bj aubmitting phtwpbovio ligbt to spectrum analjsis, u 

T hare stnfcd bi'Eoro. Foi ipj E™ii^ttrt.,\Kai.i\ti\,\o^-aa*i'iii 

admit tJieTaet dyriori, inlil.'Beo^V™''^"'**™™- 



All the physical researches of times gone by, 
and all the experimental data fumiahed by the 
philosophers of the present day, tend to prove the 
reality of those admirable notions brought forward 
by Grove in his ' Correlation of Physical Forces.' 
The correlation theory enables us to account for 
many hitherto unexplained phenomena, and points 
out to ua the direction in which physical science 
may spread to greatest advantage. 

I am indeed led to believe that all those re. 
markable phenomena classified under the heads 
of hght, heat, electricity, magnetiam, etc., are in 
reality modes of motion, or matter in motion- 
When two bodies of a certain volume move before 
ns, we can witness and describe the motion easily 
enough ; but when motion takes place among the 
molecules of bodies, the most powerful microscope 
will not allow us to detect it : we are led, how- 
ever, by innumerable facts, to infer that such 
motion does occur. By stating that the so-called 
" physical forces " are different modes of motion, 
I understand that if the molecules of any substance 
vibrate in one direction, north-south for instance, 
we have light; in another direction, east-west, 
electriciiy ; in an intermediate direction, lieat ; in 
another direction, magnetism, etc. All these mo- 
tions being connected to the primary rotation of 
our planetary system, or gravitation. But we 
D proof that the molecides of bodies vibrate 
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in straight lines ; their motion is more probably Vf 
circular. Indeed, ray ingcnioua friend M. Porro Ip 
has cDdeavoured to show the ereat resemblance 



sDdeavoured to show the great resemblance 
which HBcms to exist between these molecular 
movements and those of celestial bodies ; and it 
has been supposed by some philosophers that the 
moleeoteB of matter are as distant from each o 
in proportion to their size, as the planets them- 
selves. 

But, in the present state of knowledge, all these 
considerations are premature. 

We must not confound the luminosity produced 

u substances that are heated to a certain degree 
which is supposed to be identical, or nearly so, 
for all, with that peculiar pho»phorir. radtaUm 
which a great number of substances emit at 
different degrees of heat, and some, at the ordi- 
nary temperature of summer. As early as 1776,. 
Dr. Fordyce observed, that heated bodies began 
to be luminous in the dark at from 600° to 700^ 

f Fahrenheit^'s thermometer (see his interest- 
ing paper in the ' Philosophical Transactiona' for 
1776). 

II say that we must not confound these two 
manifestations of light, though they are both 
molecular vibrations of the body submitted to 
experiment ; yet they differ : for instance, f 
spar heated gently over a fire becomes phospho- 
rescent j heated to a still higher degree, the 



I 
I 
I 



pTiOspfcorescence disappeara, and is afterwards re- 
placed by another kind of light ; the body is then 
said to be red-hot, v-hiie-hot, etc. 

In every case phosphoric light is developed 
first, and is followed by the second kind of Inini- 
nosity, unless chemical decomposition is required 
to take plaee before phosphorescence ensues.* 

These two kinds of light have never been ex- 
amined physically to ascertain whether they differ 
in any essential property, bat we know that they 
must differ. Researches undertaken with this 
view would be exceedingly interesting. We know 
that the light of incandescent solid bodies, that is, 
bodies heated red-hot, and the hght of the electric 
spark, exhibit great diversity in the number and 
position of WoUaston's dark lines, already referred 
to in this work. The velocity of electric light is 
also known to he greater than solar light in the 
ratio of three to two, according to Wheatstone's 
admirable "experiments. Again, we know that 
a solid or liquid incandescent body possesses light 

■ For instance, when natire gypsum is heated on charcoal 
before lie blowpipe, soniB ourioua phenomena opour. After the 
compound haa lost its water, it molts into a beautiful transparent 
bead, wliich be<:omea opaque on cooling. If (bis be atrongl; 
heated in the Qame of reduction, the solpliate of time loses its 
oijgcn ; at the same time, ita point of fiisiou is considerably 
luised, and it is transformed into BulphureL of caloium. At tliis 
moment, ffith greater beat, it begins to mplt again, and at the 
suno time a rery brilliant phoBphorcscence is observed. 
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which diffors in certain properties, from that prp- 1 
duced by a burning or luminoua gas, as shown tj 1 
Arago J the former gives indications of polaim- J 
tion when viewed at an acute angle, whilst tla 
latter never shows any traces of polarization a 
whatever angle it is viewed. 

All these esperiments remain to be made fli 
pltospkffrescent bodies. We are therefore ' 
much in the dark as to the nature of phosphoric^ 
light. 

"We are so accustomed to associate lighi and 1 
heat, as in the flame of a candle, for instance, that 
it is diflicult to bring the mind to reflect upon a i 
fact beyond doubt, namely, that the one may be 
generated without the other. When a wire be- 
comes heated by an electric current, it often be- 
comes tuminoua also ; but in other cases a body i 
may become luminous without any sensible degi 
of heat. With combustible substances used | 
candles, lamps, etc., the greater the li^ht the h 

I tli£ fteat, and reciprocally. The flame of an < 
lamp is very hot ; that of a camphine lamp, w 
is far brighter, is very much cooler; whilst 
flame of a spirit lamp, quite invisible in the ai 
shine, produces a great amount of heat. Let n 

' inquire how these things occur. 

We know that whenever any one of those b 
cific motions of matter which we term fores [ligb| 
heat, electricity, ete."^ ceaaeatomami«^iXa«,K,itl 



replaced immediately by another, equivalent for 
equivalent. Tims, a. force A, being given in action, 
as soon as it ceases to act, we see it replaced im- 
mediately by its equivalent of another force B. 
And when the force B ceases to manifest itself, 
it is immediately replaced by its equivalent of 
another force C, D, or E, or tho force A re-ap- 
pears. 

Hence we see one kind of motion (fi-iction) 
transformed into heat or electricity, according to 
the substance submitted to experiment. By rub- 
bing wood we produce heat, by rubbing glass 
or resin, electricity. Again, motion (pression) is 
transformed into electridty, when we press the 
angles of certain crystals, such as Iceland spar. 
In the same way heat can be transformed into 
motion (steam-engine), into electricity {thermo- 
electric currents), into light, into cliemical action, 
etc. And each of these new kinds of motions 
(forces) generated may in its turn be transformed 
into heat or into any of the others. By heating 
water, the molecules of this body are put into 
motion ; by heating a bar of antimony soldered to 
a bar of bismuth, a certain amount of the vibra- 
tion called heat is transformed into its equivalent 
of electricity. The same transformation taJtea 
place when crystals of Tourmaline or Boracite are 
heated. 
^^Wlien we heat a platinum wire by means of an 
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r the neiTe. As soon as electricity meets 
1 the nerve, it finds the necessary medium for 
ksforming itself into another kind of vibration, 
Bch we call nervoue force, and this passes into 
icular motion, or contraction. Eeciprocally, 
1 hold in our bands the two wires of a 
[vanometer, and, by a muscular contraction, 
|f the needle of the instrument in motion, we 
mot say it is nervous force which moves the 
; this motion is owing to electricity, reault- 
! itself from the transformation of a certain 
kont of nervQux force. 

It is highly probable that this doctrine of trans- 
1 may apply to nervous force and umtinet 
will; though we enter here into considerations 
ich are beyond our present means of experi- 



»Iii nature, we can almost always connect light 

electricity as a starting point, — especially 

1 it concerns had conductors. When an elec- 

I current passes through a had conductor, a 

3at amount of electricity is transformed into 

lit, and the body experimented on becomes 

Again, in the combustion of phos- 

! in every chemical action, a certain 

nt of what we call chemical force or chemical 

lity, is transformed into electricity; and, in the 

I of phosphorus and many other bodies, a 

iion of this electricity into light. This latter 
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^^Btai0BmiaHmi depends npon the nature of tiie 
^^Mp^iuid the intensity of the action. 
1^^^ Tlie phosphoreacenc© of minerals, or minerd 
anbstances artificially prodnced, is an exampli 
one of the vibrations of matter already allnded to 
and which may be owed, in the first place, to heat 
electricity, solar I'ght, chemical action, etc, 
a great many cases, as Dessaignes and Becquerd 
have shown, electricity is the immediate vibratjoi 
to which the light produced may be referred ; am 
that is the reason why bud e^mduetors are 
readily phosphorescent than other bodies, and 
probably, why the most refrangible raya of thf 
eolar-spectmm are the only ones which will indnei 
phosphorescence after insolation. 

My own idea o? phosphoregecnce after insol 
is as follows: — The light of the sun, acting upon 
mineral substance, occasions a certain vibratioi 
(electric, chemical, or magnetic) ; but this vibra- 
tion not being able to continue when the action o 
light ceases, that is, when the substance is placed 
in obscurity, the body gives back light whilst 
losing the vibration (electric, chemical, or mag- 
netic) occasioned in ifc by the rays of the snn. 
Hie body in question does not, in this case, gtee 
back the entire qitantiiy of light it ha* 
bitt a qucmtitjf equivalent to the electric, ehemiea^ 
or magnefie vibraiion, induced in it by the dtntt 
influence of tlia aolar ligltl, 



The reason why I suppose a magnetic vibration 
may "be induced as well as a chemical or electric 
motion, is obvious, since Morichini and Mrs. M. 
Somerville have shown, by direct experiment, that 
magnetism is induced in steel by exposure to the 
most refrangible of the solar rays, precisely those 
which induce phosphorescence.* Moreover, light 
is engendered by magnetism in a, curious experi- 
ment made by Grove in 1845. A tube, filled with 
the liquid in which magnetic oxide of iron has been 
prepared, and terminated at each end by plates of 
glass, is surrounded by a coil of coated wire. 
" To a spectator, looking through this tube, a 
flash of light is perceptible whenever the coil is 
electrized ; and less light is transmitted when the 
electrical current ceases, showing a symmetrical 
arrangement of the minute particles of magnetic 
oxide while under the magnetic influence." (Cor- 
relat. of Phys. Forces, p. 158.) Some remarkable 
results were likewise arrived at by Sir W. Snow 
Harris, as early as 1834, by vibrating magnets 
in the sun, and published in the 'Edinburgh 
Philosophical Transactions' for that year. 

A similar conception would apply to phospho- 
rescence produced by heat, chemical action, elec- 
tricity, etc. 

' Tbeae are also the mja whiuh cause cUarine to combine 
with hydrogen, and irbioli decompose maaj chemical CDm- 
poimds. 
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It is well known that when a plafcrnnm wire is ' ^ 
:9mipen(led, atter beinj^ heated, in a mixture of 
echer-vapunr and air^ or in a mixture of fdcholic 
vapour and air^ it continiies incandescent for 
hours together^ until all the ether or alcohol em- 
ploye^l is ^pent. In this case, the spirituoiis 
vapour is burnt by the oxygen of the air; but 
neither the oxygen nor the ether become lumi- 
noua, — it ia the wire alone which gives out light. 
Thii§ curious phenomenon may go far, perhaps^ 
to explain the phosphorescence of dead animal 
matter. The whole circumstances connected with 
it have been brought forward in my prize memoir, 
' La Force Catalytique, ou Etude sur les Pheno- 
menes de Contact/ printed at Harlem in 1858 
(see Appendix). 

As regards phosphorescence in the vegetable 
kinsrdom, possessing, as we do, only a few isolated 
observations, we are devoid of sufficient experi- 
mental data to offer any theoretical consideration 
as to its production. If the Ught emitted by 
flowers appears to be electrical, that evolved from 
fungi is more probably connected with chemical 
action. 

In luminous animals, we find everything pre- 
pared by nature for the production of light; 
namely, a phosphorescent organ specially adapted 
for this purpose. 

Taken in its most satisjaclor^j ^QvsiJ^<^^^^^^the 



evidence of combnstion being' the caose of the 
light of glowworms may be thus stated : — 

I. Matteucci and Roberta, the former by very 
delicate experiments, assure themselves that a 
alow combnation takes place, though no sensible 
heat is evolved. They do not know what sub- 
stance bums; they find, however, that the light, 
tliough not immediately extinguished in hydrogen 
and carbonic Eicid, is so in about half an hour ; 
whilst, in oxygen gas, it shines three times longer : 
that is, at least an hour and a half. 2. M. Schnetz- 
ler &nd3 jihosphoms in the luminous tissue of the 
insect, afier aeidizm-g it with nitric acid, in the 
state of phosphoric add or phosphates; and this 
phosphorus may have been present as free phos- 
phorus, since Mr. Thornton Herapath finds no 
phosphates in the insect's body. 3. Professor 
Morren, as Macartney had done before him, 
shows that large air-tubes or trachea are inti- 
mately connected with tlie luminous tisane j and 
Morren shows further that the animal extinguishes 
its light by closing the spiracula or air-orifice 
through which the air enters the luminous organ. 
i. The luminous substance shines for some time 
iifter death, as if phosphorus were really present, 
especially when damp. 
■'Until these facts, which tend to prove that the 

losphorescence of glowworms ia a phenomenon 
(tion, be confirmed or refuted by fm-- 
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^H ther research, I cannot do otherwise than repro- 
^B duce here the theory I pubUsheil for the first time 
■ in 1858. 

In the glowworm, the luminosity can he traced . 
directly to the instinct of the insect throngh what , 
are termed the correlative forces, electricity and 
nervous force. We find the phosphorescent 
organ of a greasy nature, a bad conductor of elec- 
tricity, under the dependence of the nerves, which 
in their turn depend upon the instinct. In the 
Fireflies there exist Bim.ilar organs, destined by 
nature to produce light ; and, as anatomical science 
progresses, the same will doubtless be found in 
those myriads of inferior organisms endowed with' 
phosphorescent properties. Indeed, Ehrenbe^ 
has already described what he takes to be the 
phosphoric organ in NocUluca iniUans and PJiutO' 
eharia eyrrigera. 

A given amount of electricity will always pro- 
duce an equivalent proportion of light when 
passing through a bad conductor; and a certain 
I amount of nervous force, acting through the-] 
■ nerves, is capable of producing an eqmvalenb( 
amount of electricity ; finally, it is doubtless true 
that instinct is correlative with what are called' 
the other modes of force. 

It will be objected, perhaps, that the luminous 
substance extracted from the body of a Laiwpyrit 
shines for gome time after the death of the insect;] 
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but can we not contract the leg of a frog long 
after death by means of a galvanic current? 
What is termed nervmis force exists, then, for some 
time after death, as numerous observations show ; 
and when it disappears, no more contractions- 
no more light. 




CHAPTER III. 

PKACTICAL C0HSIDERAII0N9. 

. To those reflective minds who really enjoy the beao'^ 
ties of natnre and contemplate thorn with a 
tion, practical details are of so little interest, I 
I had not the intention of saying anything upc 
the subject in this work. But, as some peraonj 
endeavour, at any risk, to turn everything to pro- 
fit, to make everything in nature useful to man , 
in one way or another, I am willing to show that J 

ihoreacence is far from being devoid ofu 
lity, and that it has already been extensiTely a 
plied to various uses, often without a knowledf 
of tho fact. 

It would, indeed, he auperfluoua here to 6 
npon the uses of light ; it will he sufficient for n 
) that tho most powerful light ever pro 
duced by man, without exception, is owed to a 
phenomenon of phoaphoresccnce. I allude to tl 
" Drammond, or Limo-light," 

It is produced by submitting lime, a higb^ 
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phosphorescent substance, to the heat, or, rather, 
to the chemica! and electrical action, engendered 
during' the combustion of hydrogen by oxygen 
gaa. I have indeed been able to show by direct 
experiment that Jieat has not so much to do with 
the production of this intense light as v 



If a piece of borax be heated before the blow- 
pipe, it melts when it has attained a red heat. If 
it be now allowed to cool and a little lime sprinkled 
over it, on applying heat a second time, the bme 
becomes vividly phosphorescent long before the 
boras is at all affected by the heat. It is there- 
fore evident that bme glows vividly with phos* 
pboric light long before its temperature has at- 
tained what is termed a red-heat. 

In the case of the Drummond Light and the 
phosphorescence of bme before the blowpipe, 
electricity may probably be the force which in- 
duces phosphorescence, since Grove (in 1854) baa 
shown that the blowpipe flame gives rise to a very 
marked electric current; a number of jets ac- 
tually enabled the author to form an electric bat- 
tery of a certain intensity. Now, when the flame 
of oxygen and hydrogen gases is employed, tbo 
electric action must naturally be far more con- 
siderable than with a simple blowpipe flame. 
Hence the vivid phosphoric light which bears the 
name of Mr. Drummond, and which has beoa* 
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I plied to su many useful purposes "by engineers, 
astronomers, microscopical observers, etc. 

Tlie same arguments might apply to the Elec- 
I trie Light ; but it has not yet been proved that 
[ this ia identical with phosphorescence, though 
I Buch is the opinion of some philosophers, as we 
I tave already seen. 

Again, I have alluded, in the first part of this 

work, to the fact that houses freshly painted with 

lime-wash are frequently luminous at night, though 

slightly, after exposure to the sun's rays during 

the day. If, by chemical and physical research, a 

I means were discovered capable of rendering this 

I phosphoric light more powerful, by employing sul- 

I phides of calcium or barium, etc., and superadd- 

[ ing, if necessary, the action of an electric cur- 

rent when the sun is hidden by clouds, a street 

might be effectively illuminated by phosphorescent 

light alone. 

The hght of the Bhiterida, or Fireflies, has for 

I years been employed for lighting apartments, and 
in travelHng, in the West Indies. 
Phosphorus dissolved in oil has been sometimes 
nsod as a night-light. As long as the bottle which 
contains the liquid remains closed no hght is seen j 
but when opened the phosphorescence is soffi-' 
ciently bright to enable us to read the hour upon 
a watch, etc. These lur"inou3 bottles were once 
much in vogue as useful curiosities, 



E 
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t Iq cf^es of poisoning by pliosphorus, the lumi- 
tosity of this substance in the dark is the princi- 
I character by which chemists assure themselves 
nits presence in the intestines, etc., submitted to 
Blysis. Mitscherbch, of Berlin, has invented an 
fenious apparatus for this purpose, 
k If we were acquainted with the circumstances 
ttich produced the phosphoric light described by 
'. Kane, and which enabled him to find the pis- 
L so readily, it would be exceedingly useful to 
mmand at will such an evolution of light, 
i concerns Natural History, new sources of 
employed in microscopical investigations are 
(en attended with unexpected results. Such 
! the case when polarized light was first ap- 
(ed in this sense ; and we know that the solar 
TOScopemaybe brought into action at night by 
i of the phosphoric hght evolved by lime. 
B known phosphorescence had recourse to in 
r to distinguish one plant from another. This 
1 the case with two closely allied species of 
orpha, which sometimes resemble each 
ler extremely j the one is however phosphores- 
cent at night, and the other devoid of this pro- 
perty. 

In Mineralogy the phosphorescent properties of 
finor-spar, arsenic, hme, oxide of zinc, etc., ren- 
der it easy to detect their presence when sub- 
stances are heated before the blowpipe. 
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. Again^ no stone resembles the diamond so 
closely as white topaz^ which is often sold as dia- 
mond. But the phosphorescent properties of the 
latter famish ns with a ready means of detecting 
the one from the other. 

The reproduction of engravings, etc., by phos- 
phorescence has been achieved by my Mend 
M. Niipce de St, Victor, as stated in Chapter Vll. 
(Part I.) . 

As phenomena of phosphorescence are more 
studied, they will doubtless lead to new views 
upon the molecular constitution of bodies, which 
cannot fail to be attended with practical results. 

Phosphorescence will certainly be applied to 
many other useful purposes as it becomes better 
known. We must remember, however, that it is 
yet in its infancy, and that the greatest philoso- 
phers of the present day know less of it than of 
any other physical phenomenon. 
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LIST OF THE PRINCIPAL WORKS THAT HAVE 
CONTRIBUTED TO OUR PRESENT KNOWLEDaE 
OP PHOSPHORESCENCE. 

Fabeicio (Jer6me) cPAquapendente, On the Phosphorescence 
of Flesh, in Opera Omnia. Edition published at Leipsic in 
1687. 

Bartholin (Thomas). De Luce Mominvm et Brutorum* Pub- 
lished at Leyden in 1647. But two other editions were pub- 
lished in 1663 and 1669, in Svo (Haffnise) ; and to the latter 
has been added the treatise of G^esner, entitled De Raria et 
Admirandis Serbia quce Noctu Lucent, 

LlCETTJS. Fortunii Liceti Litheosphortis, sive de Lapide JSonO' 
niensi, (Utini, 1640.) Account of the Discoyery of the Bo- 
logna Stone. 

PoTiEB (Pierre). Pharmacopoeia Spagyrica^ ii. 27, in Opera 
(Frankfort, 1698.) Description of the method formerly em- 
ployed for preparing Solar Phosphorus from the Bologna 
' Stone. 

Habggbaf. Chymiache Scriften, vol. ii. New Method for pre- 
paring Solar Phosphorus. 

BoYXE (Robert). On the Phosphorescence of the Diamond, 

"' Adamas Lucens, Sfc. (Lond. 1663.) " Expmments concerning 
the relation of air and light in shining wood and fish : " PA** 
losophical Transactions, 1668. " Observations on shining 
flesh:" Phil. Trans., 1672. "Account of the new element 
Phosphorus :" Phil. Trans., 1680* 
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Lemesy (Nicholas). Prep, of Solar Phosph. : Cows de Cky 
mie, (1675 ; the best edition of this remarkable work was 
published at Paris in 1713.) Lemery's knowledge of Phos- 
phorescence was greater than that of any man of his time. 
The pages 482, 483 et seq. of his work on Chemistry, may 
be read with interest at the present day. It is exceedingly 
remarkable that his explanation, constantly repeated, of the 
Hffht being owed to rapid molecular motion^ is precisely that 
which is becoming adopted at present. 

Baudxjin. (Some authors write his name Balduin, and Baldwin.) 
On his Phosphorus produced from Nitrate of Lime. Fhos- 
phorus HermetixmSy seu magnes JJwninaris, 1675 ; see aho 
Phil. Trans. Abrid, ii. p. 368. 

HoHBEBG. On his Phosphorus. MSmoires de rAcadinUe de 
Parvty 1693, p. 307. He prepared it by heating sal-ammoniac 
and chalk. The residt was carbonate of ammonia which 
distilled and dry-fused chloride of Calciumy which shines in 
the dark when struck. 

Haxjksbee. On the Luminosity produced by the Friction of 
Mercury in the Barometer Vacuum. Physico-mechanical Ex- 
jperiments. (London, 1709.) " Experiments on the attrition 
of bodies in vacuo : Phil. Trans.^ 1705. In this paper the author 
proves by direct experiment, that when steel is rubbed against 
flint, the sparks are not produced without the presence of air ; 
hence it was afterwards discovered that, in this case, the hght 
is produced by the rapid combustion of small particles of 
steel. 

BouETES (Father). " Concerning the Luminous Appearance 
observable in the Wake of Ships," &c.: Phil. Trans., I7l3. 
I have not alluded to this paper in my historical notes, as the 
author brings forward no observations of particular value, and 
has not the most remote idea of the true cause of tliis phos- 
phoric appearance. " The production of the Hght," he says, 
" depends very much on the quality of the water." The au- 
thor's observations are however interesting, as having been 
made in the Indian Seas. 
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On the PhoaphoreaoenDo of DiamondB, etu. : STSmoiret 
s VAcad. de Fans, 1730, aod id. 1735. According to tlus 
nthor, jellow diamonde are more apt to becoaiB phoaphores- 
A than those of other tint«. 

n(. InfiuencB of the different rajs of the Solar Spcctnim 
tl Pliosphoric Light ! JottTn. de Pkytique, t. ir. p. 92, 

De qaamplurhaU Phnipkoris, ete. (Bologna, 1744), 
irainoiis clouds, etc., quoted bj Arago in the Anmutire 
a the jear 1838. 

w Scoperte intorao le Lvri notiune delV Aeqva 
M. (VeDBzia, 1749.) 
m. On tho Luminous Scolopendra. (Venice, 1760.) 
n not acquainted with this vrnrli. 

On his Phoephorus, in Phil. Tram., 17G8. 
D (Thonioa). " Esp<rimentB and Observations on the 
Prodoetdon of Light from dilfereiit bodies by Heat and by 
Attrition : " Phil. Trans., 1792. 
HtriME. Bip. on the Light which is spontaneoualy emitted 
from TBrinus bodies, and on Solar Light ; P&U. Traai., 1802. 
In this remarkable paper Dr. Holme states, " that solar light, 
when imbibed bj Canton's Phosphorus, is subject to the same 
laws with respect to heat and cold as tlio Bpontancous light of 
fisheB, rotten wood, and glowworms." 
VrviASl. Phonphorentia Murit, etc. (Gteuoa, 1805.) 
[DESSilQlfKB. Papers on PhosphoroacencB, in llSmoiree de VA' 
tdimie de Parit, 1807, 1808. 

" On Piiosphoreaceuce by Heat," etc. : Ann. de dim. 
t. ilii. pp, 337, 346. "Electricity and Phospho. 
r ; " Journ. of IKe Rrnfal Insiitniion, Tot. i. 
I. " On Phosphorescence bj Heal :" Edin. PhU. Mag. 

HaiKBicn (Placidui). " On Pliosphorescence after Insolation 

jnd by Heat :" Joan, de Phye. liii. 307. 
Bekbeck. "Exp. on Phosphorescence;" Camp 

« Sc. de Farii, t. siv. 
Osoruns. "Exp. on PhDaphorescenca!" Schaei, 
T. p. 134. 
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v.- -- — -.* ^-j_T.a;s ** P%/7. Trans., 18ia 

'■ "^^ ■• ~ - - '^•r-'"t - ' r--^i*T'^. in tour Tola- ToLL 

^^ _ - . 'I c^- - "-: ::^ Vign;rjsjg Power of the 

- ^ -^^ > ir \---*^ ■ ?"..:. r-nw.. 1S26. MoBl- 

— ■*—*:'-. "s- ""■"*■ "-. v:s*.t»*i -ji G^'7bf?rf9 An»ale» 
'^.' <*- t-i* _£i.f.f.jr ■/ PiiYofopAjTs ii- 390, 

- — " — - ^...^ ^, *..-•. ui'.r .'i tie 5aL*ce88 of these 
,., ... ^ . ,.. ^ -J- .".xi?^. In, Am». of Fiil^ 

*■> -»:' XT. •. ••■*vr ri'vt-i ?v 'tiler authors. 

"T." * "^ • •- 7 ^.»H.".'» ;'«:*• "jfRfles*. HaznbiiTg, 1830.) 

-...>!* '.c "■^•■•*' -? ■ --i* f.-fcr" -jTHnirt-se tf>* ^nUerifviM 

• ■ v. "t^.... r-^ •><£■ ^..^; ^ijt ^"rmi^'kte ScHriffen, 

" ^ r'-.:!:- T* ••-•. I^l? Ts? I'iil. -&T0I& (Bremen 

*^v>,->^ - 7^.>{-*-.-*«*'^r»:i'« -r Small lEedosee, in ilii- \ 

■ ■ y v,t'-e" --"f- .f>tf-*. — -L iiL p. 360. Apa- 

:."- :•- •> -■ t'. J. Jtf-.. tjL i. (Belg. ed. 

-*, "•• ■•.>■■•.-% *"•:■■..■■■■' '•■ "^"irer '!*"lii:n ir is made to 
■* - .* >'-f.. -.* '."•:..:; •:.-:r id }£. Jiliz de Fonta- 

IT • ^VO. 

' ■■ *• .*■>:• -.-^^r^'w t" ->.o I-yuiaa Agaric, in i 

'' '1 ^ ">%•■■ •* ■*. ■.''•» >;*[!i.*'*^L" ^yiviiiirii:!! emitted by 

■-'v -«. . . . % ■ ■' ■ . .■ .; K.K" •yK.'.niiz .".rcvi bj Bekzeuts). 

■ "ri 'V .; •". . ■■•.'1. ■.. 
*:>?:.;.■ 's "•>,.• V !•• ■ 'i' ■:i";r Ti*.*i.v.i'.'vi.i Trhen duoride of 

■►•■«».. ■ ."■-.■•,■ it ''u.nn-, "•':. ■. "^ T. 3^-vj:. ed.^ 
ivvt.t.s >: • ^-V >t'o\\ . ■/♦■ "I.' T-'~:«jr-c4~i:-2 oc' ^iignetic In- 
';.'!>iiv. .■«..■.:! y.-"'ii. y-i'i' r-'ij-, Jii'-UJirv, 1534. in this 
■.mrvc V.' '«V ■;; :i;!! >t'v-.v H u'-s '\irf i:T-.Ted ar the concludion ■' 
'-■lac 'ijiivfr-siii •-rii.v.-.i.rd "ry -'ii;? si:::'^ rr«vj -.-.ofs r.ct cvcurina 
va*.*LU'ri. •• l"!o ■•'.l.:t-"r<.>* ;c :?.e <ii.".'5 riv*."* savj the author, 
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t, and to (limmish the time of a given numbei' of Tibrntjons. 

e mfliienre of tho buh's raja on a magnH. oeciUnting In a 

) increasa the time of a giren number of -vibrationa ; 

I arc, it the retardation of the rate of -vibration be 

not materially affected." Uearly the Bamo phimo- 

urwhen bars of copper are ribratod in like manner. 

"Obaemtiona et Eiperiences relativee il la thforie 

ft ridcntit^ des agenta qui produiei^nt In lumi^re et la cha- 

mte," in Joarn, des Se. Ph^i. de M. Julia de fb»- 

■, p. 161. (1836.) In this raniariable paper, wHcli 

I, I tldnl:, presented to the Academy of Sdoncea of Faris, 

Manthor, after proving that radiant light and heat have two 

t catisea, or are two distinct clTects of one cauee, endea- 

to separate light completely from heat. His eiperiments 

eded admira,bly. Abaorbing all the heat either of the 

n artificial fire, by maMng the rays pasa through 

D of diaphanous bodies, such as tval«r or bluo glasa, he 

1 obtaining pare light. " This jjKrs light" sajs 

I' Meilooi, " emeipug from this syatem, contains much sellevi, 

and pOBseaaea moreover a bl<liah-greea tiat. It haa no action 

whatever on the most delicate thermometer. Even when con- 

denaed by a lens until it is as brilliant as the direct rays of the 

ana." Thie pare light has therefore ail the properties hitherto 

recognized in ordinary phosphoric light, such as that of the 

glowworm, the Bologna-atone, etc. 

T iHRiT. "Keoherches sur la cause ordinaire de la Phoapliorcs- 

.■lice Marine."— 3fo^. de Zoologie de Gvirin, 1836. 

I IfEBEL (Ed.). On Phosphorescence after Inaolation ; many 

■irpera in Awa. de Chim. Paris. Compare also MoBflEN, in 

' n„ipies-Seadm, 1861 and 1862, on the Phoaphoreaoenco of 

■ i .-irERBl (PiSre). Traill cT EleelrieHi, t. ti. 
...iGNO. Sepert. d'Opliqw Modei-ne. (Paris, 1842.) 
i hose two anlhora have quoted several facts rekting to Phos- 
icenec in their large worts. 
" Notice sur le Tonnerre," etc., in his (Euvrea Complilei. 
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Uabchaitd. "On the Phoiphorracence of Phosphorus:" J* 
JSf Pratt. Ciemie, 18&1, 1. p. 1. We hme here a 

eiperinieiits, tending to show that the phosphor 
phmphonu a out owing to Fombuation, bat to a n 
action upon the surface of this substance, and which m 
festa itself in ill kinds of gaaee, whether they support o 
buslion or not. But Uie phoBphonjsceni.'e does not app«r 
be of long daration in gases, such as carbonic ndd and 
drogen, and morooTer depends upon the prcaaiire to «I ' ' 
gases BTD submitted. Marchand Chints that phosphor 
pable of shining in the dark in earbonie acid, hydrogen, «( 
and that the phenomenon is owing 1^ the volatilization gc 
on at the surfacD of tbe phosphorus. 

ScttBOETTKB. In 1952, Professor Schroetter of Tieona, il 
saauring himself b; several eiperiinentB that the light gr 
ont h; Pkoijihona, when its temperature is slightly n 
owing to oiiduUon, showed that Sulphur, Selenium, 1 
and Arieitic, heated gradunllj in contact with oiidiiing 
diesigire out light end produce oiidea which differ &omtti 
produced by ordinary combustion at higher temperatures.— 
Coamoe, vol. i. (Paris, IS52.) 

EUBXNBEBe. Ueber dot Leuchiert dea Msbtbi. Aiiani. I 
Akad. za Berlin. 1854. 

Db QciTREPiOES. On the Phoaphoreacence o 

Comptea-Hendus, t. isii., ondAjinalei des SiHeneet NatarA 
3* sirio, vol. xiv. 

Vebhaeohb. On the Phosphorescence of the Sea at C 
A pamphlet reprinted from the BulUiin deVAead. det Se, 
Braxellea, 1855. 

RoaB (Heinrieh). On the oinission of light by Arsenioua i 
whilst crystallizing : Ann. der Phgtilh, 1835, and .^IM. 
CAim,, 2' aerie, lii. 288. Light developed during Uie oi 
lization of sulphsto of aoda and potash : Ann. de Ctim„ 
s&rie. If. 125. On the pboaphoresccnco of Certain si 
when heated ! Annates der Pfiffsik, Marcli, 1858, i 
de CAim., Juiiuu7,lK^9. 



laiFaoli-. "Sur una espice particuliSrc demuoUaga unlnmlo:" 

Jotu-ii. de ilidevUe it de Pharm. de Bmxellee, 1B5B.— JJe la 

Phosphoretceiice en giii4ral el dcK IiueeUe piosfhoriqua. 

Bruxelles Bjid Farie, 185S. Abridg. ed. in Oermaii, published 

at Bcrliu, 1858, by Dr. MiiUer.— On Boma new eaaca of Phos- 

pbocESCcnce bj Heat, in Compfes-Sendui de VAead. da Se. da 

i'u/i*, February, mGO,—Sechereke! noitvella sair le Pkotphor*. 

L Brussels, 1866. — La Ftyrce OatdlgUqvt, Bludet tar Us Phina- 

f ia^aesde Conlact, Miinoire eottroatU par la SoeiilS Hollan- 

t daUe dea Sc'teiKa, Harlem. 1856.— Bvr la liatiire Pkiapho- 

I rMoenla de la Sate : Compiet-Seadva, ISGO. 

SlifOESilST.TloiOB. Onanew Action ofLight. Manfpapen 

i Comptes-Rendaa de FAcad. dee Sc, Paiie, from 1857 to 

858. 

:qiTEiiEL (Edmond). On Pbospboreaccnee after lusoLttion ; 
Ann. de Chim., Jsuuar;, 1859, and eonie papers on the same 
lubjeul ill Coinpies-Uimdss eiuoe tlis date just given. — On the 
fhoapkoresci^nce of GnaeB : Cai'iptes'Rendus de I' Acad, del Se. 
Parie, 1850. 

s. On a LnmiuQus Fog at Qeuera : Coitiptes-Sendvt, 
December, 1859. 

Tlie iianiBs of Other authors have been given in the present 
Kwolk. 



Nate. — It haa been observed that Calamine (bydrated siUcate 

nc), when heated, heeoraes electric mAphoiphoreecBnl at tho 

] time ; and this will doubtleaa be found to bo tho case 

Mth many other mineral substances which exhibit phoaphores' 

Boral called WoUasionite (silicate of lime) becomee 
apborescent bj firiction. 

J attention has latelj been catlod tu the faet that tea and 
TO phoaphocGsccnt after insolation. Although I bsTS 
i an opportunity of witnessing it myself, I Snd that 
IS Heiiu'iL'li naa acquainted with tho pbowomeii'm.-, Vt 
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found that large lumps of ice are slightlj phosphorescent in a 
dark room, after bemg exposed to the sun, the temperature being 
kept several degrees below freezing point. The brothers Schlagint* 
weit, Prof. Berty, and Mr. Tuckett, have witnessed the phos- 
phorescence of the snow and the ice on the glaciers of the Alps, 
etc. The darker the night, the more brilliant the phenomenon. 
It appears sometimes like the effect of a second sunset. This 
phosphorescence is remarked on the Alpine summits and on the 
snow which lies in the valleys of Piedmont, Switzerland, Yalais, 
etc. The colour of the light emitted is bluish. It is not re- 
marked in snow which has fsbllen shortly before night, and which, 
consequently, has not been long exposed to the sun. 



THE END. 



JOan EDWARD TAYLOR, PRINTER, 
LirrLE Q,UEEX SrRBET, LINCOLN'S INX FIELDS. ''.*' - 
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